CO 


q: 


LU 

0^ 

0^ 

O 

O 

Q 

0^ 

LU 


o 

£  ^ 
o  o 

CO 

0  CO 
U>  —I 


0) 


G) 


U> 

§s 

’5)— 

0)  G) 

LU 

1? 

U  m 


US  Army  Corps 
of  Engineers® 

Engineer  Research  and 
Development  Center 


Glacial  Geology  and  Stratigraphy 
of  Fort  Richardson,  Alaska 

A  Review  of  Available  Data  on  the  Hydrogeology 

Lewis  E.  Hunter,  Daniel  E.  Lawson,  Susan  R.  BigI,  Peggy  B.  Robinson, 

and  Joel  D.  Schlagel  April  2000 


Approved  for  public  release;  distribution  unlimited. 


Abstract:  The  surficial  geology  and  glacial  stratigraphy 
of  Fort  Richardson  are  extremely  complex.  Recent  map¬ 
ping  by  the  USGS  shows  the  generai  distribution  of  surf- 
iciai  deposits,  but  details  on  the  underlying  stratigraphy 
remain  pooriy  known,  ieaving  a  critical  gap  in  the  under¬ 
standing  of  ground  water  conditions  beiow  Fort  Richard¬ 
son.  A  conceptual  model  of  the  subsurface  stratigraphy 
was  developed  on  the  basis  of  resuits  of  recent  surficial 
mapping,  current  knowledge  of  the  glacial  history,  stud¬ 
ies  of  modern  giaciers,  and  limited  subsurface  data.  A 
confining  layer  below  the  southern  half  of  the  canton¬ 
ment  is  likeiy  the  northern  extension  of  an  “older”  ground 
moraine  that  crops  out  further  to  the  south.  Beiow  the 


cantonment,  this  moraine  is  buried  beiow  about  15  m 
of  outwash  and  fan  deposits,  but  it  appears  to  be 
absent  to  the  north,  where  the  confined  and  uncon¬ 
fined  aquifers  are  hydrauiicaily  connected.  The  north¬ 
ern  limit  of  the  “continuous”  ground  moraine  is  roughly 
below  the  cantonment  and  parts  of  Operable  Unit  D. 
Buried  silt  horizons  in  the  fan  probably  create  the 
locally  perched  aquifers;  however,  erosional  remnants 
of  the  ground  moraine  and  interfingering  of  debris  flow 
deposits  aiong  the  Eimendorf  Moraine  are  piausibie 
aiternatives.  These  deposits  are  composed  of  finer- 
grained  materiais  that  siow  ground  water  infiltration 
and  cause  water  to  accumulate. 
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Glacial  Geology  and  Stratigraphy  of  Fort  Richardson,  Alaska 

A  Review  of  Available  Data  on  the  Hydrogeology 

LEWIS  E.  HUNTER,  DANIEL  E.  LAWSON,  SUSAN  R.  BIGL,  PEGGY  B.  ROBINSON,  AND  JOEL  D.  SCHLAGEL 


INTRODUCTION 

The  distribution  of  surficial  deposits  across 
Fort  Richardson  is  well  known,  based  on  more 
than  40  years  of  investigations  (e.g..  Miller  and 
Dobrovolny  1959;  Cedersfrom  ef  al.  1964;  Karl- 
sfrom  1964;  Schmoll  and  Dobrovolny  1972a; 
Reger  and  Updike  1983, 1989;  Yehle  and  Schmoll 
1987a,b,  1989;  Yehle  ef  al.  1990,  1992;  Reger  ef  al. 
1995;  Schmoll  ef  al.  1996).  Mosf  of  fhe  Forf  Rich¬ 
ardson  canfonmenf  is  situafed  on  a  large  glacioal- 
luvial  fan,  which  originafes  af  fhe  moufh  of  fhe 
Eagle  River  Valley  near  fhe  cify  of  Eagle  River 
(Eig.  1,  Plafe  1).  The  fan  slopes  genfly  fo  fhe  wesf- 
soufhwesf,  underlying  parfs  of  Elmendorf  Air 
Eorce  Base  and  downfown  Anchorage,  and  is 
fruncafed  to  the  west  by  sea  bluffs  along  fhe  Knik 
Arm.  The  fan  is  composed  of  outwash  deposifed 
by  ice-marginal  sfreams  and  oufbursf  floods  fhaf 
occurred  when  ice-dammed  lakes  in  fhe  Eagle 
River  Valley  drained  (Schmoll  ef  al.  1996).  The 
glacioalluvial  fan  is  bordered  on  fhe  norfh  by  fhe 
Elmendorf  Moraine,  a  low  relief  ridge  fhaf  frends 
easf  fo  wesf  across  fhe  region.  The  moraine 
formed  abouf  13,000  years  ago  (Schmoll  ef  al. 
1972,  1996;  Reger  ef  al.  1995).  Hummocky  end- 
and  ground-moraine  deposifs  mixed  wifh  ouf- 
wash,  esfuarine,  lacusfrine,  and  bog  deposifs  are 
found  norfh  and  norfhwesf  of  the  Elmendorf 
Moraine. 

Along  fhe  soufhern  margin  of  fhe  fan  and  fur- 
fher  fo  fhe  soufh,  several  low  hills  of  ground 
moraine  profrude  fhrough  yoimger  glacial  depos¬ 
ifs  of  various  origins  from  fhe  mosf  recenf  glacia¬ 
tion  of  fhis  area  (Plate  1).  The  streamlined  hills 
located  between  the  post  housing  area  and  Glerm 
Highway  are  such  features  (e.g.,  Birch  Hill). 
These  hills  are  composed  of  ground  moraine  (gla¬ 


cial  diamicton)  fhaf  exfends  underneafh  fhe  fan 
deposits  and  probably  below  the  Bootlegger 
Cove  Formation,  a  fine-grained  silf  deposifed  in 
an  esfuarine  environmenf  (e.g..  Miller  and  Dobrov¬ 
olny  1959,  Reger  ef  al.  1995,  Schmoll  ef  al.  1996). 
The  Booflegger  deposits  and  the  ground  moraine 
form  an  irregular  surface  upon  which  younger 
glacioalluvial  sedimenfs  were  deposited.  Both  the 
fine-grained  diamicfon  of  fhe  ground  moraine  and 
the  Bootlegger  Cove  Formation  have  much  lower 
hydraulic  conductivities  than  the  overlying  gravel 
and  may  confine  ground  wafer  into  multiple 
aquifers.  Older  gravel  horizons  fhaf  lie  beneath 
these  deposits  form  confined  aquifers  thaf  appear 
fo  be  hydraulically  linked  throughouf  fhe 
Anchorage  area  (Cederstrom  ef  al.  1964). 

This  reporf  summarizes  fhe  resulfs  of  fhe  ini¬ 
tial  phase  of  our  hydrogeological  study  of  Forf 
Richardson.  Our  goal  was  to  S5mthesize  existing 
surficial  geology  and  sfrafigraphy  information 
relevanf  to  Fort  Richardson,  including  a  review  of 
fhe  glacial  hisfory  of  fhe  Anchorage  area.  These 
dafa  were  fhen  fo  be  integrated  into  a  conceptual 
stratigraphic  model  to  provide  a  basis  for  future 
environmental  studies  and  to  help  explain 
ground  water  behavior  below  the  cantonment. 
The  reason  for  fhis  work  is  thaf  the  stratigraphic 
models  t5q3ically  used  for  environmenfal  invesfi- 
gafions  on  Forf  Richardson  are  generally  over¬ 
simplified,  potentially  leading  to  a  false  impres¬ 
sion  of  subsurface  conditions.  This  in  turn  could 
cause  rmwarranted  conclusions  to  be  drawn  about 
the  stratigraphy  and  its  influence  on  ground  wafer 
movemenf,  affecting  proper  management  deci¬ 
sions,  and  leading  to  ineffectual  environmental 
cleanup  efforts  and  compliance.  This  report  doc¬ 
uments  the  complexity  of  the  stratigraphy  on  the 
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Figure  1.  General  location  of  Fort  Richardson,  showing  drainages  described  in  the  text  (white  line  is  border  of  fort). 


basis  of  data  available  at  the  start  of  the  study. 
Field  data  collected  following  this  study  will  be 
presented  in  a  subsequent  report. 

Physiography 

Fort  Richardson  lies  in  the  Cook  Inlet-Susitna 
Lowland  and  Kenai-Chugach  Mountains  physio¬ 
graphic  provinces  of  Wahrhaftig  (1965)  (Fig.  2). 
The  Anchorage  Lowland  is  a  roughly  triangular 
area  below  152  m  elevation  located  between  the 
Knik  and  Tumagam  Arms.  It  is  characterized  by 
rolling  hills  with  15  to  76  m  of  relief.  To  the  west, 
the  terrain  flattens  across  a  broad  alluvial  plain 
that  is  locally  incised  by  broad,  shallow  channels. 
The  Anchorage  Lowland  is  characteristic  of  glaci¬ 
ated  terrain  and  contains  various  landforms. 


including  hummocky  moraine,  drumlin  fields, 
and  outwash  plains.  Hills,  mostly  composed  of 
glacial  drift,  lie  at  the  base  of  the  Chugach  Moun¬ 
tains.  These  hills  are  separated  by  gently  sloping 
alluvial  fans  formed  by  streams  originating  in  the 
mountains.  Rolling  uplands  border  the  Chugach 
Mountains  and  extend  to  elevations  of  914  m. 

The  rugged  Chugach  Moimtains  rise  abruptly 
to  more  than  2000  m  along  their  front,  with  a 
flanking  region  of  peaks  and  ridges  generally 
1000  to  1500  m  high.  Only  the  western  flank  of  the 
mountains  is  contained  in  Fort  Richardson, 
where  elevations  reach  about  1615  m.  The  Chu¬ 
gach  Moimtains  are  cut  by  a  series  of  northwest¬ 
trending  U-shaped  valleys,  including  those  cur¬ 
rently  occupied  by  Ship  Creek  and  Eagle  River 
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Figure  2.  Physiography  of 
the  Anchorage  area  and 
Fort  Richardson.  (After 
Yehle  etal.  1986.) 


150'^00'W  149M5' 


(Fig.  1).  Generally  sharp-crested  ridges  separate 
the  U-shaped  valleys,  except  to  the  northwest, 
where  they  become  relatively  smooth  crested  or 
gently  sloping  to  nearly  flat  at  their  crests. 

Hydrography 

Fort  Richardson  lies  primarily  in  the  Eagle 
River  and  Ship  Creek  drainages;  only  the  far 
soufheasf  corner  exfends  info  fhe  Norfh  Fork 
Campbell  Creek  drainage  (Fig.  1). 

The  Eagle  River  drainage  area  covers  600  km^ 
and  is  12%  glacier-covered  (Munfer  and  Allely 
1992).  The  Eagle  River  flows  in  a  well  developed 
meandering  charmel,  fhrough  a  large  U-shaped 
valley  for  abouf  32  km  from  ifs  source  in  fhe 
Chugach  Moimfains.  The  lasf  10  km  of  fhis  reach 
flows  across  glaciafed  lowlands  on  fhe  norfh  side 
of  fhe  Elmendorf  Moraine  (Eig.  1).  The  modem 
floodplain  is  incised  info  a  paleo-oufwash  chan¬ 
nel.  The  river  sfraighfens  jusf  easf  of  Eagle  River 
Elafs.  Here,  channel  migration  has  eroded  uplands 
composed  of  sfrafified  glacial  sedimenfs.  The 
Eagle  River  discharges  info  fhe  Knik  Arm  af  fhe 
moufh  of  fhe  Eagle  River  Elafs,  a  macrofidal  salf 


marsh  (Lawson  ef  al.  1996a,b).  Mean  annual  dis¬ 
charge  of  fhe  Eagle  River  af  a  gauging  sfafion  in 
fhe  Cify  of  Eagle  River  is  abouf  15  m^/s;  dis¬ 
charge  peaked  in  Sepfember  1995  af  292  m^/s 
during  fhe  greafer  fhan  500-year  flood  (Kemper 
ef  al.  1995,  Brabefs  1996). 

Ship  Creek  emerges  from  fhe  Chugach  Moun- 
fains  af  fhe  easfem  edge  of  Eorf  Richardson  and 
flows  jusf  soufh  of  fhe  canfonmenf  area  (Eig.  1). 
Ifs  channel  is  incised  along  fhe  flank  of  fhe 
Chugach  Mounfains  buf  becomes  less  so  in  fhe 
cenfer  of  Eorf  Richardson  where  if  crosses  an  old 
alluvial  fan.  Updike  ef  al.  (1984)  described  Ship 
Creek  as  being  fhe  mosf  economically  imporfanf 
sfream  in  Alaska  because  if  is  used  by  fhree  pow- 
erplanfs,  and  fhe  Anchorage  and  Eorf  Richardson 
wafer  freafmenf  planfs,  as  well  as  being  fhe  pri¬ 
mary  source  of  recharge  fo  fhe  Ship  Creek  aquifer 
(up  fo  14  million  gal.  [53,000  L]  per  day  [Ander¬ 
son  1977[).  The  mean  annual  discharge  of  Ship 
Creek  is  16.5  m^/s,  wifh  a  peak  discharge  of  181 
m^/  s,  which  occurred  on  27  Augusf  1989  (Brabefs 
1996). 

Clunie  Creek  drains  a  small  lake  easf  of  fhe 
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Malamute  Drop  Zone,  flowing  through  a  series  of 
wetlands  in  an  abandoned  outwash  channel,  and 
discharges  into  the  salt  marshes  of  the  Eagle 
River  Flats.  The  old  channel  is  incised  into  fluted 
ground  moraine  and  represents  a  meltwater 
pathway  that  was  active  as  Elmendorf  ice  retreat¬ 
ed  from  the  area  (Plate  1). 

Numerous  tributaries  including  the  south  and 
north  forks  of  Campbell  Creek  drain  the  western 
flanks  of  the  Chugach  Mountains  south  of  Ship 
Creek.  These  eventually  flow  into  Chester  Creek 
west  of  the  Fort  Richardson  border.  The  larger 
South  Fork  Campbell  Creek  originates  in  the 
Chugach  Mountains,  while  the  North  Fork  is  fed 
by  a  series  of  unnamed  and  poorly  defined 
streamlets  that  discharge  from  gullies  along  the 
mountains. 

SURFICIAL  GEOLOGY 

The  geology  of  Fort  Richardson  and  adjacent 
lands  has  been  mapped  by  Miller  and  Dobrov- 


olny  (1959),  Cederstrom  et  al.  (1964),  Schmoll  and 
Dobrovolny  (1972a)  and  more  recently  by  Yehle 
and  Schmoll  (1987a,b,  1989),  Yehle  et  al.  (1990, 
1992),  and  Schmoll  et  al.  (1996).  Other  studies  of 
the  regional  surficial  geology  have  been  made  by 
Karlstrom  (1964),  Reger  and  Updike  (1983, 1989), 
and  Reger  et  al.  (1995).  The  area  is  generally  cov¬ 
ered  by  deposits  of  glacial,  glacial  marine  (glacio- 
estuarine),  and  glacioalluvial  origin,  with  bed¬ 
rock  outcrops  found  on  the  south  and  east  along 
the  Chugach  Mountains  (Fig.  1;  Plate  1).  These 
Quaternary-age  sediments  form  a  westward 
thickening  wedge,  beginning  at  the  base  of  the 
Chugach  Mountains,  and  locally  reach  about  213 
m.*  Below  the  Fort  Richardson  cantonment, 
these  sediments  are  at  least  70  to  98  m  thick, 
based  on  well  logs  described  by  Cederstrom  et  al. 
(1964). 

Because  glacial  sediments  were  deposited  dur¬ 
ing  multiple  ice  advances,  they  possess  a  complex 


*  Personal  communication  with  H.R.  Schmoll,  USGS,  1996. 


Figure  3.  Stratigraphic  cross  section  from  Fire  Island  (after  Schmoll  and  Barnwell  1984)  demonstrating  the 
complex  relationship  among  glacial  sedimentary  units. 
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Figure  4.  Major  landforms  in  the  Anchorage  Lowland. 


stratigraphy  (e.g..  Fig.  3).  This  complexity  is  espe¬ 
cially  true  under  the  Fort  Richardson  cantonment 
area,  where  sedimentary  deposits  along  the  south 
margin  of  the  Elmendorf  Moraine  likely  inter¬ 
finger  wifh  alluvial  fan  sands  and  gravels.  These 
gravels  are  incised  info  or  fruncafe  ground- 
moraine  deposifs,  while  all  of  fhese  deposifs 
overlie  older  glacial  and  glacial  marine  deposifs. 

Surficial  geologic  map 

We  developed  fhe  concepfual  sfrafigraphic 
model  and  inferprefed  fhe  glacial  hisfory  of  fhe 
area  largely  on  fhe  basis  of  recenf  surficial  geologic 
mapping  by  Yehle  and  Schmoll  (1987a,b,  1989), 
Yehle  ef  al.  (1990, 1992),  and  Schmoll  ef  al.  (1996). 
These  sfudies  provide  specific  informafion  on 
surface  morphology  and  defail  how  fhe  various 
sedimenfs  are  disfribufed  across  Forf  Richardson. 
A  geological  map  of  Forf  Richardson  (Plafe  1)  was 
produced  by  incorporafing  fhe  geological  dafa 


from  five  1:24,000  fopographic  quadrangles.  The 
original  Mylar  maps  were  provided  fo  CRREL  by 
Fl.R.  Schmoll  and  L.A.  Yehle,  U.S.  Geological  Sur¬ 
vey.  A  confracfed  company  scanned  fhese  maps 
and  converfed  rasfer  dafa  fo  vector  dafa.  Poly¬ 
gons  were  developed  and  labeled  af  CRREL  fo 
creafe  an  Arcinfo  coverage  of  fhe  surficial  geol¬ 
ogy  for  fhe  USARAK's  GIS  dafabase  of  Eorf  Rich¬ 
ardson.  The  map  coverage  has  been  reviewed  by 
Schmoll  and  Yehle  for  accuracy  and  fheir  defailed 
explanafions  of  fhe  map  symbols  are  included  as 
Appendix  A.  Our  S5mfhesis  of  fhe  surficial  geol¬ 
ogy  is  presented  in  fhe  following  sections. 

Surficial  deposits 

The  most  common  and  spatially  extensive 
surficial  deposifs  on  Eorf  Richardson  are:  1)  end 
moraine,  2)  lateral  moraine,  3)  ground  moraine, 
4)  glacioalluvial,  alluvial,  and  alluvial  fan,  5) 
esfuarine,  and  6)  lacusfrine  (lake)  (Eig.  4  and  5; 
Tables  1  and  2).  Less  abimdanf  deposifs  are  fhose 
of  wind,  colluvium,  and  rock  glaciers.  Wind  depos¬ 
ifs  in  fhe  form  of  loess  (wind  blown  silf)  occur  as  a 
fhin  blankef  of  variable  fhickness  fhroughouf  fhe 
area,  buf  fhey  have  nof  been  assigned  a  separafe 
map  unif.  Colluvium,  a  poorly  sorfed,  uncom- 
pacfed,  and  unsfable  deposif  of  silf,  sand,  and 
gravel,  is  found  along  mounfain  slopes  (solifluc- 
fion  and  landslide  deposifs)  and  as  a  veneer  on 
coasfal  and  sfream  bluffs.  Rock  glaciers  occur 
only  in  high  moimfain  valleys.  They  consisf  of 
rock  fragmenfs  wifh  an  ice  mafrix  fhaf  allows 
fhem  fo  flow. 

End-moraine  deposits 

These  are  ice-marginal  sedimenfs  deposifed 
along  fhe  termini  of  glaciers.  End  moraines 
develop  where  fhe  glacier  remains  relafively  sfa- 
ble  for  an  extended  fime.  Deposifion  is  polygen- 
efic,  resulfing  from  combined  fluvial  (proglacial 
sfream),  glacial  (lodgemenf,  melfouf,  glacial- 
fecfonic),  and  gravifafional  slope  processes  fhaf 
produce  genfly  arcing  ridge  complexes  af  fhe  ice 
margin  (Eig.  5).  End  moraines  are  composed  of 
juxfaposed  sequences  of  coarse  gravel,  fine  well- 
sorfed  sand,  dense  silf  and  clay,  and  diamicfons 
(App.  A). 

The  Elmendorf  Moraine  is  an  end  moraine 
fhaf  forms  a  major  morphological  feafure  across 
Eorf  Richardson  jusf  norfh  of  fhe  canfonmenf 
area.  If  confinues  along  fhe  norfh  edge  of  Elmen¬ 
dorf  Air  Eorce  Base  and  in  fhe  Susifna  Lowland 
across  fhe  Knik  Arm  (Eig.  1  and  4).  Recenf  sfudies 
have  shown  fhaf  fhe  Elmendorf  Moraine  corre- 
lafes  wifh  ice  advances  in  Turnagain  Arm  and 
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Kame  Terrace 


Figure  5.  How  map  unit  types  relate  to  a  valley  gla¬ 
cier.  (After  Boulton  and  Eyles  1979.) 


across  south-central  Alaska.  It  indicates  a  major 
regional  advance  between  14,000  and  13,000 
years  BP  (before  present)  (Reger  et  al.  1995).  There 
are  also  several  smaller  end  moraines  in  the  larger 
valleys  of  fhe  Chugach  Mounfains  (Schmoll  ef  al. 
1996). 

Lateral-moraine  deposits 

These  deposifs  develop  as  narrow,  well-defined 
ridges  and  less  well-defined  ridge  segmenfs  along 
fhe  sides  of  glaciers.  Laferal  moraines  are  com¬ 
posed  of  sand,  gravel,  and  diamicfon,  similar  fo 
end  moraines  (Fig.  5;  Plafe  1).  Laferal  moraines  are 
found  in  fhe  Chugach  valleys  and  along  fhe 
Chugach  Mounfain  fronf.  The  laffer  ridges  are 
aligned  in  an  en-echelon  paffern,  descending 
gradually  fo  fhe  soufhwesf.  Older  moraine  ridges 
are  generally  better  developed  in  fhe  soufhwesf, 
where  fhey  form  fhe  principal  ridges  along  fhe 
base  of  fhe  Chugach  Mounfains  (Schmoll  ef  al. 
1996).  Laferal  moraines  usually  have  genfle  fo 
moderafe  slopes  along  ridge  fops,  buf  sfeep  sides, 
especially  in  fhe  downslope  direcfion.  Where  a 


ridge  is  relafively  high  on  a  mounfainside,  if  may 
direcfly  overlie  bedrock.  In  ofher  areas,  fhey 
appear  laferally  gradafional  wifh  colluvium  on 
fhe  mounfain  slopes  while  overlying  ofher  glacial 
deposifs. 

Ground-moraine  deposits 

Ground  moraines  form  fhrough  a  number  of 
processes  believed  fo  operafe  beneafh  glaciers, 
mosf  of  which  are  nof  fully  undersfood  (e.g., 
Drewry  1986,  Menzies  and  Shilfs  1996).  They  are 
spatially  exfensive  and  commonly  fhirmer  fhan 
deposifs  of  end  and  laferal  moraines  (e.g..  Fig.  4 
and  5;  Plafe  1).  Groimd  moraines  maybe  associafed 
wifh  positive-relief  landforms,  such  as  flufes  and 
drumlins.  They  are  generally  composed  of  diam¬ 
icfon  fhaf  may  exhibif  various  degrees  of  sorting 
and  sfrafificafion  and  may  confain  fhin,  infer- 
bedded  sand,  silt,  and  gravel  horizons.  These  de¬ 
posits  are  common  north  of  fhe  Elmendorf 
Moraine,  where  fhere  are  many  drumlins  and  fhe 
surface  is  locally  incised  by  modern  and  ancienf 
alluvial  channels  and  are  of  similar  age  fo  fhe 
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Table  1.  Characteristics  of  surficial  deposits. 


Deposit 

Materials 

Topography  and  origin 

Alluvial 

Well  bedded  and  well  sorted 
gravels  and  sands  of  variable 
thickness  (few  to  tens  of  meters). 

Clasts  are  rounded  to  well  rounded. 

Smooth,  with  slopes  nearly  flat  to  very  gentle;  steep  scarps 
locally  separate  deposits  at  different  levels;  deposits  from 
active  streams  and  floodplains. 

Alluvial  fan 

Conically  shaped  with  slopes  moderate  to  gentle,  steeper  near 
the  fan  apex. 

Colluvial 

Mainly  loose,  coarse  rubble  and 
rubbly  diamicton,  locally  bouldery. 

Smooth,  with  slopes  generally  steep  to  very  steep  and  gener¬ 
ally  unstable;  deposits  that  accumulate  on  a  slope  primarily 
poorly  bedded  and  sorted  through  the  action  of  gravity  and 
secondarily  with  the  aid  of  water. 

Glacioalluvial 

Features  or  deposits  associated  with  glacial  streams. 

Kame 

Chiefly  pebble  and  cobble  gravel  and 
sand,  moderately  to  well  bedded,  in 
places  chaotically. 

Sharply  hilly  to  hummocky  with  some  local  depressions; 
slopes  moderate  to  steep;  glacioalluvial  deposit  formed 
by  running  water  within  a  glacier  during  early  stages  of 
stagnation  and  modified  during  ice  meltout. 

Kame-terrace 

Chiefly  pebble  and  cobble  gravel  and 
sand,  moderately  to  well  bedded  and 
sorted. 

Long,  narrow  landforms  that  have  smoothly  sloping  surfaces 
with  prominent  scarps  on  their  downslope  sides;  glacioalluvial 
deposits  formed  by  water  running  along  the  side  margin  of  a 
glacier. 

Kame-channel 

Chiefly  pebble  and  cobble  gravel  and 
sand,  locally  may  include  some  finer 
materials. 

Slightly  hummocky  in  broad,  channel-like  landforms  of  low 
relief;  glacioalluvial  deposits  formed  in  ice-contact  channels. 

Meltwater- 

channel 

Chiefly  gravel  and  sand,  well  bedded 
and  sorted;  surface  may  include  finer- 
grained  material  with  thin  organic 
accumulations. 

Smooth  with  gentle  slopes;  channel-like  deposits  formed 
in  areas  recently  abandoned  by  glaciers. 

Outwash-train 

Chiefly  pebble  and  cobble  gravel  and 
sand,  well  bedded  and  sorted. 

Smooth  with  gentle  slopes  except  steep  at  terrace  edges; 
accumulated  mainly  in  front  of  end  moraines,  downstream 
of  meltwater-channel  deposits. 

(Glacio)  Estuarine 

Chiefly  silty  clay,  silt,  and  fine  sand, 
well  bedded  and  sorted;  locally  includes 
thin  beds  of  peat  and  other  organic 
material;  also  locally  includes  diamic¬ 
ton,  coarser  sands,  and  gravels. 

Smooth  with  slopes  nearly  flat;  locally  marked  by  subdued 
hills  and  irregularities;  accumulated  in  ancestral  Cook  Inlet 
marine  environment,  coarser  facies  deposited  at  glacier  tide¬ 
water  margin. 

(Glacio)  Lacustrine 

Interbedded  clay,  silt,  and  sand;  well 
to  somewhat  poorly  sorted. 

Smooth  with  gentle  slopes,  but  very  steep  at  valleyward 
margins;  accumulated  in  freshwater  bodies  (large  lakes  to 
small  ponds)  ponded  by  glacier  ice  or  moraine  deposits. 

Moraine 

A  mound,  ridge,  or  other  accumulation  of  glacial  sediment 
producing  a  variety  of  landforms. 

End  moraine 

Juxtaposed  sequences  of  deposits  from 
polygenic  origins,  primarily  diamicton 
(poorly  sorted  admixtures  of  silt,  sand, 
and  gravel)  along  with  coarse  gravel, 
fine  well-sorted  sand,  dense  silt,  and 
clay,  moderately  to  well  compacted. 

A  gently  arcing  ridge  or  series  of  ridge  segments  deposited 
at  the  end  (or  terminus)  of  a  glacier. 

Lateral  moraine 

Sand,  gravel,  and  diamictons. 

A  ridge  or  ridge  segments  deposited  at  the  side  margin  of  a 
glacier.  Commonly  form  gently  sloping,  sharp-crested  ridges 
along  the  walls  of  valleys  that  glaciers  formerly  occupied. 

Ground  moraine 

Diamicton  of  variable  thickness;  may 
contain  thin,  interbedded  sand,  silt, 
and  gravel  horizons,  and  thin  outwash 
gravel  or  lake  deposits  on  the  surface. 

Smooth  to  hummocky,  with  gentle  to  moderately  gentle 
slopes;  deposits  left  behind  when  glaciers  retreat. 

Pond  and  bog 

Chiefly  peat;  includes  organic-rich  silt, 
minor  woody  horizons,  and  thin 
interbeds  of  ash-sized  tephra. 

Smooth  with  very  gentle  slopes;  accumulated  in  ponds  or 
small  former  lakes  or  stream  channels  that  filled  with  organic 
material. 

Rock  glacier 

Mainly  angular  to  some  subrounded 
rock  fragments  being  actively  trans¬ 
ported;  contains  ice-rich  matrix;  fines 
from  cobble-  and  boulder-size  frag¬ 
ments  at  surface  to  more  rubbly  dia¬ 
micton  character  at  depth. 

Moderately  hummocky  and  rough,  slopes  moderate  to  very 
steep;  mixture  of  rock  fragments  and  ice-rich  matrix  is  transi¬ 
tional  between  a  true  glacier  and  a  slow-moving  landslide. 
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Table  2.  Processes  of  recharge  and  discharge  in  Anchorage  Lowland. 

Recharge_ Dischar<^e 

Unconfined  aquifer 

Stream  infiltration  (losing  reaches)  Stream  channels  (gaining  reaches) 

Rain /  snowmelt  percolation  Seeps /  springs 

Discharge  along  mountain  front 


Confined  aquifer 

Percolation  from  unconfined  aquifer 
Seeps  from  fractured  bedrock 
Discharge  along  mountain  front 
artesian  flow  to  surface  or  bluffs 


Percolation  to  unconfined  aquifer 
under  high  hydrostatic  head 
Lateral  discharge  into  unconfined  zone 
where  confining  layer  is  intersected 


Elmendorf  Moraine.  An  older  ground  moraine  of 
Late  Wisconsin  age  lies  at  depth  south  of  the 
cantonment  area.*  It  appears  sporadically  at  the 
surface,  where  it  protrudes  through  younger 
glacioestuarine  and  alluvial  fan  deposits,  and 
likely  underlies  the  sediments  across  much  of 
Fort  Richardson. 

Glacioalluvial,  alluvial,  and  alluvial  fan  deposits 

Glacioalluvial.  These  are  a  suite  of  deposit 
types,  including  kame-channel,  meltwater- 
channel,  and  outwash-train  deposits,  consisting 
of  water-laid  sediments  deposited  in  front  of  a 
glacier  (Fig.  5;  App.  A).  Meltwater-channel 
deposits  are  composed  of  well-bedded  and  well- 
sorted  sand  and  gravel,  which  may  include  some 
finer-grained  material  that  was  deposited  in  a 
shallow  backwater.  Thin  organic  horizons  are 
also  common  on  the  surface  of  fine-grained 
deposits.  Thickness  is  highly  variable,  often  1  m 
to  a  few  meters,  but  in  places  channel  deposits  may 
be  thin  and  patchy,  allowing  groimd  moraine  or 
bedrock  to  crop  out  at  the  channel  floor.  Stratified 
sand  and  pebble-  to  cobble-size  gravel  form  out- 
wash-train  deposits,  which  accumulated  in  front 
of  the  Elmendorf  Moraine  and  downstream  from 
Chugach  valley  glaciers.  Most  of  these  latter 
deposits  now  occur  mainly  in  terraces  along 
former  channels.  Kame-channel  deposits  are 
composed  of  sand  and  pebble-  to  cobble-size 
gravel,  similar  to  outwash-train  deposits.  Some 
silt  and  clay  may  now  fill  paleo-topographic 
depressions.  Thickness  is  generally  at  least  a  few 
meters  and  the  deposits  have  a  hummocky  sur¬ 
face  that  may  be  incised  with  low  relief  charmels. 
Kame-charmel  deposits  are  common  at  the  transi¬ 
tion  between  high-relief  kame  and  ground- 
moraine  deposits. 

Glacioalluvial  sediments  deposited  along  gla¬ 


*  Personal  communication  with  H.R.  Schmoll,  USGS,  1996. 


cier  margins  have  a  distinctly  hummocky  mor¬ 
phology  caused  by  the  meltout  of  glacier  ice, 
which  was  buried  beneath  them  (Fig.  5).  This 
melting  commonly  disturbs  the  overlying  sedi¬ 
ments  and  further  complicates  the  stratigraphy. 
Several  t5^es  of  kame  deposits  can  be  recognized; 
most  are  generally  composed  of  thin  beds  of  sand, 
sdt,  diamicton,  and  gravel,  with  varying  degrees 
of  bedding  and  sorting.  Irregular  hills  from  melt- 
out  include  those  near  the  margin  of  the  Elmen¬ 
dorf  Moraine,  within  the  Elmendorf  Moraine 
north  of  Climie  Creek  and  at  the  margin  of  the 
Anchorage  Lowland  downslope  of  major  moun¬ 
tain  valleys  (Plate  1).  These  deposits  are  moder¬ 
ately  loose,  but  compact  in  the  center  of  some 
hills  and  commonly  may  merge  with  end-  and 
lateral-moraine  deposits.  They  are  often  charac¬ 
terized  by  sharp  crests  and  more  roimded  hum¬ 
mocks,  moderate  to  steeply  dipping  slopes,  and 
sometimes  are  trimcated  by  stream  charmels. 

Kame-terrace  deposits  were  formed  by  water 
running  along  the  glacier  margin.  Long,  narrow 
landforms  with  smoothly  sloping  surfaces 
develop.  Prominent  scarps  may  remain  where 
deposition  was  in  contact  with  the  glacier.  Kame- 
fan  deposits,  which  also  form  at  the  glacier  mar¬ 
gin,  range  from  several  to  a  few  tens  of  meters  in 
thickness.  Their  topography  is  generally  smooth, 
and  surfaces  are  relatively  moderate,  with  gentle 
slopes  increasing  in  steepness  towards  their  ice 
source. 

Alluvial.  Both  modern  and  ancient  alluvial 
deposits  are  found  on  Fort  Richardson.  They 
occur  along  present  day  streams  and  floodplains 
(Fig.  1;  Plate  1),  often  incised  into  older  glacioal¬ 
luvial  and  alluvial  fan  deposits.  The  deposits  are 
commonly  well-bedded  and  well-sorted  sands 
and  gravels  of  variable  thickness  (a  few  to  tens  of 
meters).  Clasts  are  rounded  to  well  rounded. 
Both  modem  and  ancient  stream  deposits  have 
nearly  flat  to  gentle  slopes.  Scarps  1  m  to  several 
meters  high  may  locally  separate  deposits  from 
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Figure  6.  Interhedded  alluvial  sediments  as  might  be  produced  by  periodic  dis¬ 
charge  events  (sand  and  gravel)  and  silt  deposition  in  abandoned  channels. 
(After  Selly  1976.) 


different  periods,  forming  a  series  of  terraces  that 
represent  several  periods  of  downcutting. 

Alluvial  deposits  on  the  east  side  of  the 
Anchorage  Lowland  are  composed  primarily  of 
well-bedded  and  well-sorted  sand  and  gravel 
derived  from  local  moimtain- valley  sources.  Con¬ 
tacts  are  generally  well  defined  and  the  morph¬ 
ology  reflects  alternating  periods  of  deposition 
and  incision.  Well-developed  terraces  are  com¬ 
mon  at  all  levels,  with  the  nested  fans  emanating 
from  incised  channels.  These  fans  formed  both 
before  and  after  the  incursion  of  the  Eagle  River, 
while  some  of  the  higher-level  deposits  are  prob¬ 
ably  similar  in  age  to  outwash  of  the  Elmendorf 
and  older  glacial  advances. 

Alluvial  fan.  Ean  deposits  are  common  across 
the  area.  Important  deposits  include  1)  a  large  fan 
emanating  from  the  Eagle  River  Valley,  2)  smaller 
fans  from  local  valley  sources,  and  3)  fans  along 
the  edge  of  the  Elmendorf  Moraine.  Alluvial  fans 
are  composed  of  well  stratified  and  sorted  sand 
and  gravel. 

The  largest  of  these  deposits  on  Eort  Richard¬ 
son  is  the  Mountain  View  fan,  which  emerges 
from  the  Chugach  Mountains  at  the  south  edge  of 
the  Eagle  River  Valley  (Eig.  4;  Plate  1).  The  Moun¬ 


tain  View  fan  extends  from  the  Chugach  Moun¬ 
tains  to  Knik  Arm  in  the  area  between  the  Port  of 
Anchorage  and  Tumagain  Heights  and  lies  below 
most  of  the  Port  Richardson  cantonment  (Miller 
and  Dobrovolny  1959).  This  particular  fan  has 
multiple  levels  (nested  or  composite  morph¬ 
ology),  reflecting  a  complex  history  of  formation 
by  recurrent,  sudden  breakout  discharges  from 
an  ancient  glacial  lake  in  the  Eagle  River  Valley,  in 
a  marmer  similar  to  Lake  George  discharging  into 
the  Knik  River  (Post  and  Mayo  1971).  The  result  is 
a  complex  assemblage  of  flood  and  interflood 
deposits  (Pig.  6)  that  reach  a  thickness  of  15  to  18 
m  and  are  composed  of  a  cobble  gravel  near  the 
head  of  the  fan  (see  Hunter  et  al.  1997).  Purther 
west  and  downslope,  the  size  of  material  decreases 
from  gravelly  sand  to  fine  sand.  A  high  percent¬ 
age  of  fines  (10-15%)  is  described  in  borehole  logs 
from  the  cantonment  area  (USACE  1996b),  the 
amount  increasing  with  depth.*  Locally  (e.g., 
Ruff  Road  Eire  Training  Area,  E  &  E  1996),  sand 
and  gravel  may  be  interhedded  with  fine  silt  and 
clay. 

Also  there  is  a  series  of  small,  well-developed 
*  Personal  communication  with  H.R.  Schmoll,  USGS,  1996. 


9 

to  contents 


Glacial  Diamicton 
(Till) 


Elmendorf  Moraine 
Debris  Flow  Lobes 
Transitional  Fan  Complex 
Road 


Mountain  View  Fan 

Figure  7.  Incised  fans  in  flank  of  Elmendorf  Moraine 
and  interfingering  of  sedimentary  units  along  the 
moraine  margin. 


Dishno  Pond  Moraine  (?) 


Sand  &  Gravel 

Quiet  Water  Silt 


Coarse 

Gravel 


fans  along  the  southern  margin  of  the  Elmendorf 
Moraine  (Fig.  4;  Plate  1),  with  their  apices  in  small 
channels  cut  into  the  moraine  (Fig.  7).  The  well- 
preserved  fan  morphology  tells  us  that  they  were 
active  during  the  late  stages  of  moraine  formation 
(Plate  1).  Because  the  toes  of  these  fans  are  not 
trimcated,  they  were  probably  created  during  late 
phases  of  Mountain  View  fan  formation  and  may 
have  developed  after  the  catastrophic  discharges 
from  the  Eagle  River  Valley.  Elmendorf  ice  must 
have  remained  close  enough  to  its  maximum 
position  at  the  terminal  moraine  to  provide  sedi¬ 
ment  and  water  to  the  aggrading  fans  and  to  keep 
meltwater  from  being  diverted  into  the  ancestral 
drainages  of  Six  Mile  Lake  or  Eagle  River  to  its 
north. 

Estuarine  and  glacioestuarine  sediments 

Estuarine  deposits  are  formed  in  present-day 
Cook  Inlet  and  its  major  arms,  Knik  and  Turna- 
gain,  or  along  similar  water  bodies  of  the  recent 
past  (Fig.  2  and  4).  Glacioestuarine  deposits  accu¬ 
mulated  in  an  ancestral  Cook  Inlet  that  probably 
differed  from  the  present-day  inlet  in  configura¬ 
tion  because  of  base  level  changes  and  the  pres¬ 
ence  of  glaciers. 

Modern  estuarine  deposits  are  peripheral  to 
Cook  Inlet,  where  macrotidal  fluctuations  of  7-9 
m  intermittently  expose  recent  silty  deposits. 
Older  Holocene  estuarine  deposits  occur  exten¬ 
sively  at  the  upper  end  of  Knik  Arm  and  in  Eagle 
River  Flats  (ERF).  Estuarine  deposits  are  generally 
composed  of  well-bedded  and  sorted  silt  and  fine 
sand,  and  may  locally  include  thin  beds  of  peat, 
driftwood,  and  other  organic  or  windblown 
material.  Deposits  of  this  unit  are  commonly  sev¬ 


eral  meters  to  a  few  tens  of  meters  thick  and  con¬ 
solidated  (e.g.,  Combellick  1990, 1991, 1994). 

Glacioestuarine  deposits  of  late  Pleistocene  age 
accumulated  in  an  ancestral  Cook  Inlet  that  was 
larger  and  deeper  than  at  present,  although  no 
true  shorelines  have  yet  been  identified.*  The 
upper  limit  of  marine  submergence  during  this 
time  may  have  been  as  great  as  183  to  213  m  above 
modern  levels  (Yehle  and  Schmoll  1987a,  1988), 
although  Karlstrom  (1964)  suggests  water  may 
have  been  as  high  as  305  m  above  present  sea  level. 
Deposits  that  consist  of  varying  combinations  of 
interbedded  diamicton,  stony  silt,  fine  sand,  silt 
and  silty  clay,  and  coarse  sand-gravel  often  indi¬ 
cate  deposition  at  elevations  above  present  sea  level, 
probably  with  ice  terminating  in  water  nearby. 

A  major  stratigraphic  unit  considered  glacio¬ 
estuarine  in  origin  is  the  Bootlegger  Cove  Forma¬ 
tion  (Bootlegger  Cove  Clay  of  Miller  and  Dobro- 
volny  [1959],  redesignated  as  Formation  by 
Updike  et  al.  [1982]).  It  was  apparently  deposited 
during  a  much  higher  sea  level,  when  ice  that  cre¬ 
ated  the  Elmendorf  moraine  advanced  into  the 
area  (Reger  et  al.  1995).  The  unit  is  composed  of 
silty  clay  and  clayey  silt,  sometimes  interbedded 
with  silt,  fine  to  medium  sand,  and  thin  diamicton 
beds  (Updike  et  al.  1988).  Brackish-marine  micro¬ 
fossils  are  present  throughout  much  of  the  forma¬ 
tion  (Schmidt  1963,  Smith  1964),  which  reaches  a 
thickness  of  35  m  (Updike  et  al.  1988).  This  unit 
occurs  widely  throughout  the  subsurface  at  eleva¬ 
tions  t5^ically  below  about  30  m  asl,  and  underlies 
surficial  deposits  exposed  in  the  Elmendorf  Mor- 


*Personal  communication  with  H.R.  Schmoll  and  L.A.  Yehle, 
uses,  1996. 
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aine  in  bluffs  on  Knik  Arm  (Miller  and  Dobrovol- 
ny  1959,  Cederstrom  ef  al.  1964).  The  Bootlegger 
Cove  Formation  is  exposed  principally  in  the 
southern  part  of  the  Anchorage  Lowland  near 
Campbell  Creek  and  along  numerous  sea  and 
stream  bluffs,  where  it  is  commonly  concealed 
beneath  other  deposits  (Plate  1).  It  is  likely  that  a 
sandy  facies  of  the  Bootlegger  occurs  along  the 
former  basin  margin  and  locally  interfingers  with 
deposits  of  the  Elmendorf  Moraine.  This  is  a  tran¬ 
sitional  zone,  where  coarse  clastic  sediments 
were  contemporaneously  deposited  adjacent  to 
fans  and  streams. 

Lacustrine  and  glaciolacustrine  deposits 

Lacustrine  deposits  accumulate  in  bodies  of 
water  ranging  from  large  lakes  to  small  ponds, 
and  include  water  bodies  closely  associated  with 
former  glaciers  as  well  as  those  formed  after  their 
retreat.  Kame-fan  deposits  are  transitional  between 
glacioalluvial  and  glaciolacustrine  deposits  and 
are  found  where  ice  dams  temporarily  impound¬ 
ed  water  along  the  glacier  margin.  Thicker  glaci¬ 
olacustrine  deposits  accumulate  in  large  lakes  in 
valleys  blocked  by  the  glacier.  Deltas  commonly 
prograde  into  the  lakes  where  outwash  streams 
enter  them.  Other  lacustrine  deposits  originate  in 
lakes  behind  moraines  or  landslides.  Deposits 
similar  in  nature  also  originate  in  ponds  that  fill 
topographic  depressions,  such  as  in  hummocky 
ground  moraine.  Bogs  form  as  ponds  fill  in  with 
organic  material  and  may  accumulate  thick  lay¬ 
ers  of  peat. 

Glaciolacustrine  deposits  consist  of  interbed- 
ded  clay,  silt,  and  sand,  and  may  include  occa¬ 
sional  layers  of  gravel  or  diamicton.  The  deposits 
range  from  well  to  poorly  sorted  and  contacts  are 
generally  well  defined.  Surface  topography  is 
generally  smooth,  with  gentle  slopes  that 
increase  in  steepness  towards  valley  margins. 
The  silt  and  clay  are  moderately  stable,  except  in 
contact  with  colluvium  on  valley  walls,  where 
they  are  susceptible  to  stream  erosion  and  failure. 

Along  the  Elmendorf  Moraine,  lake  deposits 
reach  thicknesses  of  5  to  10  m  and  may  be  much 
thicker  beneath  alluvial  and  peat  deposits  that 
form  the  floor  of  the  upper  part  of  Eagle  River 
Valley.  Correlative  deposits  are  found  in  major 
mountain  valleys  from  Eklutna  River  south  to  the 
Eagle  River  Valley.  Older  deposits  occur  along 
Ship  Creek,  the  lower  slopes  of  Peters  Creek,  and 
the  South  Eork  Eagle  River  up  to  an  elevation  of 
100  m  asl  and  reach  a  thickness  of  about  10  m  in 
the  bluffs  of  Thunder  Bird  Creek. 


Pond  and  bog  deposits  (peat  and  organic-rich 
silt,  minor  woody  horizons,  and  interbeds  of  ash¬ 
sized  tephra)  are  widespread  in  the  Elmendorf 
Moraine,  the  floor  of  Eagle  River  Valley,  and 
locally  in  lateral  moraines.  Bog  deposits  may 
overlie  silt,  clay,  marl,  or  fine-grained  sand  that 
first  accumulated  in  small  lakes  or  along  stream 
charmels.  These  deposits  commonly  reach  4  m  in 
thickness,  but  may  locally  exceed  10  m. 

GLACIAL  GEOLOGICAL  HISTORY 

Glacial  deposits  in  the  Anchorage  area  have 
traditionally  been  divided  into  broad  age  groups 
that  span  much  of  the  Quaternary  Period  (e.g.. 
Miller  and  Dobrovolny  1959;  Karlstrom  1964; 
Reger  and  Updike  1983,  1989;  Reger  et  al.  1995). 
The  earlier  studies  thought  that  at  least  five  major 
glaciations  affected  the  Cook  Inlet  region,  extend¬ 
ing  back  more  than  200  ka  BP  (Ulery  and  Updike 
1983).  Their  chronological  control  was  derived 
from  relative  age  dating  techniques  and  minimal 
conventional  radiocarbon  data.  More  recently, 
Yehle  and  Schmoll  (1987a,b,  1988,  1989),  Yehle  et 
al.  (1990,  1991,  1992),  and  Schmoll  et  al.  (1996) 
have  attributed  most  of  the  surficial  deposits  to 
multiple  advances  and  retreats  of  the  last  glacia¬ 
tion  (Late  Wisconsinan).  Rapid  changes  from  gla¬ 
cial  to  marine  and  terrestrial  environments  pro¬ 
duced  abrupt  shifts  in  depositional  processes. 
These  rapid  changes,  taking  place  as  the  glacier 
margin  fluctuated  over  both  the  short  and  long 
term,  may  account  for  some  of  the  seven  or  more 
glaciations  interpreted  from  the  borehole  data  by 
Trainer  and  Waller  (1965)  and  Schmoll  and  Barn¬ 
well  (1984). 

Below,  we  review  the  glacial  history  of  Anchor¬ 
age  according  to  Schmoll  et  al.  (1996)  and  Reger  et 
al.  (1995).  An  understanding  of  how  the  glaciers 
fluctuated  and  deposited  their  sediments  is 
required  for  us  to  develop  a  conceptual  strati¬ 
graphic  model  of  the  cantonment  area.  Such  an 
overarching  idea  is  required  to  evaluate  the 
hydrogeology  of  Port  Richardson,  so  that  ground 
water  flow  patterns  and  contaminant  transport 
can  be  evaluated,  because  detailed  geological 
data  on  the  subsurface  are  generally  not  avail¬ 
able.  So,  the  conceptual  model  is  therefore  based 
on  knowledge  of  the  glacial  history  and  sedimen¬ 
tary  processes  (Lawson  1979,  1981,  1982,  1988; 
Boulton  1968, 1970, 1971, 1972, 1975;  Powell  1980, 
1981, 1984a,b;  Hunter  et  al.  1996a,b). 

The  sequence  of  events  during  the  last  glacia¬ 
tion  is  as  follows. 


11 


to  contents 


stage  1  corresponds  to  full  glacial  conditions 
reached  prior  to  20,000  years  BP.  Glaciers 
flowed  out  of  the  Chugach  and  Talkeetna 
Mountains,  where  they  coalesced  and  flowed 
into  the  Cook  Inlet-Susitna  Lowland.  Ice 
filled  Knik  Arm,  overtopping  some  of  fhe 
ridges  along  the  Chugach  Mountains,  and 
flowed  into  the  isostatically  depressed  Cook 
Inlet.  Lateral  moraine  deposits  from  this 
time  correspond  to  the  Rabbit  Creek 
Moraines. 

Stage  2  is  the  retreat  from  full  glacial  condi¬ 
tions,  probably  beginning  around  18,000  to 
20,000  i^C  years  BP.  A  marine  transgression 
(sea  inundation)  accompanied  retreat  to  an 
unknown  position  in  Cook  Inlet. 

Stage  3  is  a  stillstand  or  minor  readvance  of 
fhe  glaciers,  with  multiple  fluctuations  in  the 
ice  margin  that  resulted  in  deposition  of 
some  of  fhe  Forf  Richardson  moraines. 
Marine  condifions  extended  to  Rabbit  Creek 
and  South  Fork  Campbell  Creek  about  this 
time. 

Stage  4  is  a  retreat  of  unknown  disfance, 
which  allowed  a  marine  incursion  fhaf 
exfended  north  to  at  least  the  North  Fork 
Campbell  Creek  and  Chester  Creek  areas. 
The  lowermost  sediments  composing  the 
Bootlegger  Cove  Formation  were  deposited 
during  this  incursion. 

Stage  5  is  a  readvance  that  deposited  the 
Dishno  Pond  moraines  in  the  eastern  low¬ 
land  area  (Plate  1).  Marine  conditions 
remained  in  the  Campbell  Creek  and  Ches¬ 
ter  Creek  areas,  with  additional  marine  sedi¬ 
ments  deposited  to  form  additional  Bootleg¬ 
ger  sediments. 

Stage  6  corresponds  to  the  final  retreaf  of  fhe 
ice  from  the  Dishno  Pond  moraines  and  pro¬ 
gressive  recession  up-valley  out  of  the  lower 
Knik  Arm.  Ice-rafted  debris  in  the  base  of  fhe 
Booflegger  Cove  Formafion  indicafes  fide- 
wafer  condifions  and  glaciers  calving  ice¬ 
bergs  info  fhe  sea  (Schmidt  1963)  around 
14,900  ±  350  years  BP  (Schmoll  et  al. 
1972,  Reger  et  al.  1995).  Reger  et  al.  (1995) 
concluded  that  the  Bootlegger  Cove  Forma¬ 
tion  was  deposited  between  about  15,000 
and  13,000  ^^C  years  BP.  The  extent  of  ice 
retreat  up  Knik  Arm  is  not  known;  however, 
marine  silt  equivalent  to  the  Bootlegger 
Cove  Formation  can  be  found  abouf  60  km 


up  the  Susitna  Valley  (Reger  et  al.  1995).  Mar¬ 
ine  submergence  during  the  initial  phase  of 
ice  retreaf  was  about  140  m  above  mean  sea 
level  and  was  probably  followed  by  isosfatic 
uplift  shortly  after  the  ice  retreated.  Coastal 
processes  active  along  the  Hillside  area  and 
Fort  Richardson  moraine  would  have  eroded 
these  older  morainal  sediments  up  to  the  level 
of  submergence. 

•  Stage  7  is  a  major  readvance  of  fhe  ice  margin 
around  13,500-14,000  ^^C  years  BP  into  Knik 
Arm.  This  advance  probably  occurred  behind 
a  marine  shoal  that  protected  most  of  fhe  gla¬ 
cier's  ferminus  from  fidewater  condifions 
(e.g.,  Posf  1975,  Mayo  1988)  (Fig.  8).  The  upper- 
mosf  rmits  of  the  Bootlegger  Cove  Formation 
were  deposited  then.  These  units  contain 
sand  layers  and  generally  coarsen  upwards 
(Miller  and  Dobrovolny  1959,  Karlstrom  1964, 
Yehle  et  al.  1986),  apparently  recording  the 
increased  proximity  of  the  ice  or  a  shoaling,  or 
both,  during  ice  advance.  Termination  of  this 
advance  constructed  the  Elmendorf  Moraine. 
Reger  et  al.  (1995)  estimate  that  at  the  end  of 
the  Elmendorf  advance,  land  began  fo  emerge 
from  fhe  sea  af  abouf  13,500  ^^C  years  BP. 
Land  emergence,  ice  shove,  and  glacial  fec- 
fonic  uplift  of  sediments  was  probably  attrib¬ 
utable  to  a  combination  of  high  sedimentation 
rates  near  the  glacier  margin  and  isostatic 
uplift  after  the  ice  receded. 

Ice  or  moraine  dams  at  the  mouth  of  fhe  Eagle 
River  Valley  periodically  broke,  causing  rapid 
drainage  of  lakes  impounded  in  fhe  valley.  Such 
catasfrophic  flooding  would  cause  rnfense,  local 
scour  as  wafer  was  deflecfed  across  fhe  fronf  of  the 
Elmendorf  Moraine.  Recurrence  of  these  events 
likely  produced  the  Moimtain  View  fan  thaf  origi¬ 
nates  at  a  narrow  gap  between  the  Elmendorf  Mor¬ 
aine  and  Chugach  Mounfains  near  fhe  cify  of  Eagle 
River.  The  fan  forms  a  sand  and  gravel  plain  fhaf 
exfends  across  fhe  Anchorage  Lowland  fo  Knik 
arm  (Eig.  4).  As  ice  began  fo  refreaf  from  fhe 
Elmendorf  Moraine,  ancesfral  channels  of  the 
Eagle  River  were  reoccupied  as  new  channels 
became  incised,  providing  lower  elevation  drain¬ 
ages  and  shorter  routes  to  the  Knik  Arm. 

•  Stage  8  represents  a  rapid  retreat  of  ice  from 
the  Elmendorf  moraine.  The  hummocky  fop- 
ography  in  fhe  Susifna  Valley  and  upper  Knik 
Arm  are  indicafive  of  ice  sfagnafion  and 
downwasfing.  Reger  et  al.  (1995)  suggest  that 
ice  margin  retreat  probably  reached  the 
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Figure  8.  How  a  tidewater  glacier  can  advance  {a)  into  the  marine 
environment  as  long  as  a  moraine  shoal  protects  it  from  deep  water. 
Retreat  (b)  begins  when  deep  water  conditions  are  reestablished  and  it 
continues  until  shallow  water  is  reached.  (After  Mayo  1988.) 


Palmer  area  around  9000 
years  BP,  about  the  same  time  as 
when  ice  retreated  to  the  Turn- 
again  Pass  area  at  the  head  of 
Turnagain  Arm.  it  is  not  known 
whether  or  not  marine  submer¬ 
gence  accompanied  retreat  up 
Knik  Arm.  Silt  and  clay  deposits 
found  on  fhe  surface  norfh  of  fhe 
Elmendorf  Moraine  may  point  to 
a  short  phase  of  submergence 
beneath  the  sea  or  deposition  in 
small  lakes  that  could  have  devel¬ 
oped  in  the  hummocky  glacial 
deposits.  Numerous  stream  chan¬ 
nels  were  incised  into  the  Elmen¬ 
dorf  Moraine,  as  well  as  af  multi¬ 
ple  locations  farther  north.  These 
now-abandoned  channels  were 
active  near  the  ice  margin  during 
its  retreat.  Most  of  fhe  landforms 
(hummocks,  drumlins,  flutes, 
ground  moraine,  etc.)  north  of 
the  Mountain  View  fan  were 
deposited  during  the  advance 
and  retreat  of  the  Elmendorf  ice. 

CONCEPTUAL  STRATIGRAPHIC 
MODEL 

Surficial  deposits  near  the  canton¬ 
ment  area  are  70  to  98  m  thick  (Ceder- 
strom  et  al.  1964)  and  are  from  the  lat¬ 
est  Wisconsinan  glaciation.  In  the 
Anchorage  Lowland,  southwest  of  fhe 
canfonment,  deposifs  reach  more  than  305  m 
thick.  Diamictons  from  fhe  maximum  extent  of 
ice  in  the  past  (more  than  120  ka  BP)  probably  lie 
below  the  Bootlegger  Cove  Pormation,  Dishno 
Pond  moraine,  and  Mountain  View  fan  deposifs, 
but  their  extent  and  locations  are  not  known. 
Diamictons  from  fhese  evenfs  probably  have  a 
low  permeability  and  therefore  are  confining  lay¬ 
ers  fhaf  affect  ground  water  conditions  beneath 
the  cantonment. 

Detailed  subsurface  geological  information  is 
generally  absent,  except  in  a  few  locations  (i.e., 
Turnagain  Heights  and  L5mn  Ary  Park),  where 
geotechnical  studies  have  been  carried  out  to 
determine  the  cause  of  ground  failure  during  fhe 
1964  earthquake  (e.g.,  S&W  1964,  Lade  et  al.  1988, 
Updike  et  al.  1988)  or  to  investigate  ground  water 
conditions  (e.g.,  Preethy  1976,  Anderson  1977, 
Dearborn  1977,  Munter  and  Allely  1992).  There 


are  also  2281  records  in  the  USARAK's  GIS  of  soil 
borings  and  well  logs  on  Port  Richardson,  but  only 
146  reached  depths  greater  than  15  m  (Pig.  9).  The 
records  from  these  logs  contain  general  informa¬ 
tion  on  engineering  properties  and  material  types 
(e.g.,  USAGE  1996b),  but  infrequent  sampling 
intervals  (2  to  3  m)  provide  insufficient  informa¬ 
tion  for  defailed  sfrafigraphic  analyses  (all  logs 
described  in  fhis  report  are  included  in  Hunter  et 
al.  1997).  This  is  compounded  by  a  lack  of  consis¬ 
tency  in  the  borehole  log  descriptions  among  con¬ 
tractors.  To  achieve  a  better  understanding  of  the 
stratigraphy,  we  must  infer  subsurface  characferis- 
fics  from  coasfal  exposures  along  fhe  Knik  Arm 
and  Eagle  River,  extrapolafion  from  nearby  deep 
wells,  limited  interpretation  of  ground-penetrat¬ 
ing  radar  (GPR)  profiles,  and  a  reconstruction  of 
fhe  glacial  history. 

A  conceptual  stratigraphic  model  for  the  can- 
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Figure  9.  Boreholes  and  ground  water  monitoring  wells  reaching  depths  greater  than  7.5  m. 


tonment  of  Fort  Richardson,  based  on  the  Late 
Wisconsinan  glacial  history  of  the  Anchorage 
Lowland,  is  shown  in  Figure  10.  Deposits  older 
than  Wisconsinan  age  are  ignored  because  they 
are  poorly  documented  in  the  region  and  more 
recent  glaciations  would  have  likely  modified  or 
eroded  them  away.  Therefore,  older  diamicton 
deposits  are  probably  limited  and  may  be  only 
locally  important  in  the  regional  hydrogeology. 
While  the  model  gives  us  a  theoretical  framework 
for  the  hydrogeology,  it  is  generalized  and  does 
not  account  for  the  variability  in  space  and 
through  time  that  typifies  glacial  and  glacial- 
marine  environments.  Nor  does  it  accoimt  for  the 
effects  of  erosion  and  reworking  after  the  sedi¬ 
ments  were  deposited. 

The  cycles  of  ice  advance  and  retreat  that  the 
region  has  experienced  would  have  created  a 
complex  stratigraphy  below  the  cantonment  (e.g.. 
Fig.  3).  For  our  purposes,  we  assume  that  a  lower 


boundary  equivalent  to  the  late  Wisconsinan 
ground  moraine  (a  diamicton  equivalent  to  the 
Rabbit  Creek  moraines;  Plate  1)  is  located  above 
either  pre-Wisconsinan  drift  or  bedrock  (Fig.  10). 
Two  diamicton  horizons  above  the  Rabbit  Creek 
deposits  correspond  to  glacial  advances  that  we 
call  the  Fort  Richardson  and  Dishno  Pond  read¬ 
vances.  The  last  advance,  which  corresponds  to 
the  deposition  of  the  Elmendorf  Moraine,  did  not 
override  the  cantonment  area.  Therefore,  no  diam¬ 
icton  blanket  was  deposited  across  the  canton¬ 
ment  from  this  advance.  Rather,  coarse  proglacial 
and  ice  marginal  outwash  deposits  likely  inter¬ 
finger  with  lenses  or  discontinuous  layers  of  dia¬ 
micton  generated  along  the  front  of  the  Elmendorf 
Moraine. 

Proglacial  stratified  silt,  sand,  and  gravel  were 
likely  deposited  between  the  Port  Richardson  and 
Dishno  Pond  events,  and  on  the  surface  generally 
south  of  the  Elmendorf  Moraine  (Pig.  10).  Ideally, 
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Figure  10.  Conceptual  time-stratigraphic  model  for  Fort  Richardson 
below  the  cantonment  area. 
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Figure  11.  Conceptual  stratigraphic  sequence. 


ice  retreat  and  subsequent  read¬ 
vance  produce  a  proglacial  strati¬ 
graphic  sequence  consisting  of  a 
gravel  that  fines  upward  (decreas¬ 
ing  millimeter  grain  size)  to  thinly 
laminated  silt,  followed  by  a  sand 
thaf  grades  upward  fo  a  gravel  (Fig. 
11).  The  upward  fining  in  fhe  lower 
portion  of  fhe  sequence  records  an  in¬ 
crease  in  distance  from  fhe  margin  as 
it  retreats.  This  results  in  an  increase 
in  the  percentage  of  sediment 
deposited  from  suspension  in  the 
sea  water  (e.g.,  Dowdeswell  and 
Murray  1990,  Cowan  and  Powell 
1990).  These  silt  layers,  therefore, 
are  the  product  of  deposition  when 
ice  was  located  closer  to  the  head  of 
Knik  Arm.  Silf  grading  upwards  to 
gravel  in  the  upper  portion  of  fhe 
sequence  records  fhe  advance  of  ice 
into  a  marine  basin  behind  a 
morainal  shoal  (Post  1975,  Mayo 
1988).  Suspension  settling  was  grad¬ 
ually  replaced  by  sand  and  gravel 
deposition  from  sediment  gravity 
flows  (turbidites  and  debris  flows) 
generafed  by  failures  of  the  sub¬ 
marine  moraine  as  the  ice  advances. 
A  diamicton  (or  till)  was  deposited 
by  the  glacier  as  it  overrode  the  pro¬ 
glacial  deposits  (e.g..  Hunter  et  al. 
1996b).  The  thickness  of  the  strata,  as 
well  as  the  sedimentary  sequence, 
depend  on  the  rate,  extent,  and  dura¬ 
tion  of  refreaf  and  readvance,  the 
local  importance  of  ofher  sediment  sources,  and 
the  length  of  time  that  the  deposits  are  exposed  to 
subglacial  and  subaerial  processes  after  they  were 
deposited. 

To  develop  a  model  of  fhe  sedimenfary  sfratig- 
raphy  for  Forf  Richardson,  if  is  fhus  crifical  to 
know  the  extent  of  the  retreat,  as  well  as  the  ad¬ 
vance,  of  fhe  Forf  Richardson,  Dishno  Pond,  and 
Elmendorf  glaciations.  Unfortunately,  this  is  not 
well  known.  Schmoll  et  al.  (1996)  note  that  estua¬ 
rine  silt  was  deposited  in  the  North  Fork  Campbell 
Creek  and  Chester  Creek  areas  following  bofh  fhe 
Fort  Richardson  and  Dishno  Pond  retreats.  Its 
presence  implies  intertidal  conditions  and  marine 
submergence,  but  the  extent  of  this  submergence 
up  Knik  Arm  is  not  known.  We  assume  that  the 
cantonment  area  was  also  deglaciated,  but  proba¬ 
bly  for  a  relatively  shorf  time. 
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What  happened  between  the  Rabbit  Creek  and 
Fort  Richardson  advances  and  moraine  develop¬ 
ment  is  also  unknown.  Those  deposits  are  deeply 
buried  in  the  Fort  Richardson  area.  The  nature  and 
extent  of  the  Fort  Richardson  moraines  suggest 
that  they  probably  record  a  period  when  the  gla¬ 
cier  terminus  was  relatively  stable.  This  condition, 
a  stillstand,  might  have  resulted  from  local  chang¬ 
es  in  glacier  d5mamics  as  fhe  terminus  retreated  to 
the  mouth  of  Knik  Arm  (e.g.,  sfillsfands  are  com¬ 
mon  af  poinfs  of  valley  consfricfion  [Warren  and 
Hulfon  1990]).  Therefore,  if  is  probable  fhaf  fhe 
canfonmenf  was  nof  deglaciafed  befween  fhe  old¬ 
er  Rabbif  Creek  and  Forf  Richardson  sfages,  and 
fhus  subglacial  and  submarine  diamicfons  were 
more  or  less  confinuously  deposifed  over  fhis  fime 
interval. 

The  best  record  of  glacial  acfivity  is  associated 
with  the  advance  of  ice  fhaf  builf  fhe  Elmendorf 
Moraine  (Elmendorf  advance).  However,  fhe 
record  of  fhis  cycle  is  nof  complefe  below  all  of 
Eort  Richardson  because  fhe  Elmendorf  advance 
sfopped  norfh  of  fhe  main  canfonmenf  area  and, 
fhus,  a  basal  diamicton  was  only  deposifed  upgla- 
cier  of  fhe  Elmendorf  Moraine. 

During  fhe  Elmendorf  advance,  marine  silf  of 
fhe  Booflegger  Cove  Eormafion  was  probably 
eroded  and  recycled  info  a  moraine  shoal  as  fhe  ice 
advanced  over  if.  The  end  of  fhe  advance  led  fo  fhe 
Elmendorf  Moraine  being  deposited  through 
combined  glacial  (thrusting,  pushing,  meltout, 
lodgement),  fluvial  (oufwash  sfreams),  and  gravi- 
fafional  (debris  flows)  processes.  This  produced  a 
complex  infernal  sfrafigraphy.  Inferbedded  gla- 
cioesfuarine  silfs  (i.e.,  Booflegger  Cove  Eorma¬ 
fion),  diamictons,  gravels,  and  sands,  wifhouf  a 
regular  laferal  or  verfical  repefifive  sequence,  is 
fhe  resulf.  A  local  example  is  fhe  exposed  sea 
bluffs  af  Eire  Island  near  fhe  moufh  of  Knik  Arm 
(Eig.  3).  Any  of  fhe  fjord  boffom  sedimenfs  in  shal¬ 
low  wafer  near  fhe  ice  margin  were  probably  eroded 
by  waves  and  coarsened  as  a  resulf  (similar  fo  fhe 
Presumpscof  Eormation  in  coasfal  Maine  [Bloom 
I960]).  Close  to  the  Elmendorf  Moraine,  coarse 
maferials  probably  compose  a  significanf  propor¬ 
tion  of  fhe  Booflegger  Cove  Eormafion,  alfhough 
fhis  has  nof  been  clearly  identified.’^ 

The  sfrafigraphy  below  the  cantonment  (Eig. 
10)  consists  of  several  major  sedimenfary  unifs 
(lisfed  from  oldesf  fo  youngesf)  as  follows. 


*  Personal  communication  with  H.R.  Schmoll,  USGS,  1996. 


Post-Rabbit-Creek  outwash 

This  is  a  well-stratified,  moderafe-  fo  well-sorfed 
sand  and  gravel  above  fhe  Rabbif  Creek  diamicton 
or  bedrock.  The  unit  is  assumed  to  be  variable  in 
thickness,  up  to  a  few  tens  of  mefers  fhick,  buf  may 
locally  pinch-ouf  along  valley  walls.  The  oufwash 
is  unconformably  overlain  by  Eorf  Richardson 
diamicton,  buf  pump  fesfs  by  Cedersfrom 
ef  al.  (1964)  demonsfrated  hydraulic  linkage  to 
deposits  higher  in  the  sequence.  The  linkage  is 
probably  related  to  high  hydrostatic  pressures  at 
depth  that  drive  flow  fhrough  fractures,  faults, 
and  local  stratigraphic  anisotropies  in  the  overly¬ 
ing  diamicton. 

Fort  Richardson  and  Dishno  Pond  sequences 

Well  log  records  described  by  Cederstrom  et  al. 
(1964)  indicate  two  distinct  glacial  diamictons  bur¬ 
ied  in  the  area,  while  Trainer  and  Waller  (1965)  and 
Schmoll  and  Barnwell  (1984)  tell  of  up  fo  seven 
glacial  horizons.  More  fhan  20  diamicton  and  10 
silf  sfrafa  were  identified  in  fhe  borehole  in  Tikishla 
Park,  located  about  11  km  south  of  fhe  Elmendorf 
Moraine  (Yehle  ef  al.  1986).  However,  if  is  not  clear 
that  these  represent  more  than  local  variations  in 
sedimentary  processes  and  deposition,  or  move¬ 
ments  in  the  ice  margin. 

Eor  our  generalized  model  (Eig.  10),  we  accept 
the  two-drift  theory  (Cederstrom  et  al.  1964) 
because  it  agrees  nicely  (although  probably  coinci¬ 
dentally)  with  the  Eort  Richardson  and  Dishno 
Pond  moraines  recognized  by  surficial  mapping 
programs  (e.g.,  Schmoll  et  al.  1996).  We  realize  that 
this  is  an  oversimplification,  but  suggest  that  it  is 
reasonable  for  building  our  concepfual  sfrafi- 
graphic  model,  given  fhe  currenf  consfrainfs  in 
knowledge  of  fhe  glacial  hisfory  and  sfrafigraphy. 

Deposifs  of  these  advances  are  hydraulically 
connected,  as  demonstrated  by  Cederstrom  et  al. 
(1964),  and  compose  the  bulk  of  fhe  confined  aqui¬ 
fer  in  the  Anchorage  Lowland.  Despite  rapid 
facies  changes  and  broad,  laferally  continuous 
diamicton  sheets,  deposits  of  fhese  two  glacial 
phases  form  an  exfensive  aquifer  af  depfh.  The 
sedimenfary  sequences  are  defailed  below. 

Fort  Richardson  sequence 

A  lower  diamicton  unconformably  overlies  fhe 
Rabbif  Creek  oufwash.  The  basal  confacf  is  proba¬ 
bly  erosional,  alfhough  if  should  be  locally  infer¬ 
bedded  wifh  gravel.  This  diamicton  is  probably 
stratified,  wifh  occasional  sand  and  gravel  hori¬ 
zons.  Inferbedded  gravels  and  diamictons  are 
expected  where  ice-proximal  debris  flows,  gener- 
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ated  along  the  grounding  line  of  the  tidewater 
margin,  would  mix  with  outwash  sand  and  gravel. 
Diamicton  beds  decrease  in  abundance  up- 
section,  as  the  ice  margin  receded  northwards. 
Higher  in  the  stratigraphic  sequence,  gravels 
would  grade  to  sand  and  silt.  We  question  wheth¬ 
er  or  not  the  cantonment  area  was  deglaciated 
during  this  time,  for  the  Fort  Richardson  ice  may 
have  halted  its  retreat  at  the  mouth  of  Knik  Arm. 
If  there  was  a  limited  retreat  up  Knik  Arm,  then 
the  deposition  accompanying  it  was  probably 
short  lived  and  the  deposits  thin.  The  uppermost 
materials  of  the  Fort  Richardson  sequence  proba¬ 
bly  consist  of  coarsening  upward  sand  and  gravel 
as  the  ice  readvanced  into  the  area,  this  being  the 
Dishno  Pond  glaciation. 

Dishno  Pond  sequence 

The  Dishno  Pond  advance  produced  a  broad 
diamicton  (till)  sheet  that  covers  much  of  the 
Anchorage  Lowland  (Plate  1).  This  diamicton 
unit  unconformably  overlies  the  coarsening 
upward  gravel  deposited  in  front  of  the  Dishno 
Pond  advancing  ice.  The  diamicton  should  be 
similar  to  the  Fort  Richardson  diamicton  and  be  a 
few  to  tens  of  meters  thick.  The  upper  contact  will 
be  interbedded  and  gradational  into  gravel 
deposited  during  glacial  retreat.  This  gravel 
grades  upward  in  section  into  a  sandy  silt  and  the 
silt  of  the  Bootlegger  Cove  Formation. 


Bootlegger  Cove  Formation 

This  is  a  deposit  mostly  of  silt-size  material 
that  covers  at  least  100  km^  in  the  Anchorage 
Lowland,  where  it  is  an  important  confining  layer 
in  the  regional  ground  water  flow  system  (Ceder- 
strom  et  al.  1964,  Freethy  1976).  The  unit  is  usu¬ 
ally  30  to  45  m  thick,  although  locally  it  may 
exceed  90  m  (Cederstrom  et  al.  1964).  l^e  Boot¬ 
legger  Cove  Formation  exists  below  Elmendorf 
Air  Force  Base  (USAF  1994)  and  is  exposed 
beneath  the  Elmendorf  Moraine  in  coastal  bluffs 
of  Knik  Arm  (Miller  and  Dobrovolny  1959,  Ced¬ 
erstrom  et  al.  1964).  Boreholes  drilled  for  ground 
water  investigations  near  the  Eort  Richardson 
powerplant  revealed  a  fine-grained  silty  horizon 
that  pinched  out  laterally  (Eig.  12)  (Ereethy  1976, 
Anderson  1977);  however,  the  northern  and  east¬ 
ern  limits  of  this  particular  horizon  are  not 
known.  If  the  northeastern  margin  of  the  Bootleg¬ 
ger  Cove  Eormation  extends  under  the  canton¬ 
ment  area,  it  is  likely  to  be  sandy  and  to  thin  from 
less  than  10  m  thick  in  the  south-southwest  to 
nonexistent  in  the  north  and  east.  Such  a  transi¬ 
tional  sandy  phase  is  likely  to  be  more  permeable 
and  hydraulically  conductive  than  the  lower  por¬ 
tions  of  the  Bootlegger  Cove  Eormation  common 
to  the  southwest. 

Well  log  and  ground  water  records  on  Eort 
Richardson  attest  to  the  presence  of  a  confining 
layer  that  is  sometimes  assumed  to  be  the  Boot- 


a.  Longitudinal  profile  showing  the  northward  pinching  of  the  Bootlegger  Cove  Formation. 
(After  Freethy  1976.) 

Figure  12.  Cross  sections  along  Ship  Creek. 
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b.  Interfingering  relationships  of  strati¬ 
graphic  units  near  the  Fort  Richardson 
powerplant  along  an  east-west  transect. 
(After  Freethy  1976.) 
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c.  Interfingering  rela¬ 
tionships  of  strati¬ 
graphic  units  near  the 
Fort  Richardson  power- 
plant  along  a  north- 
south  transect.  Grey  pat¬ 
tern  shows  moist  zones 
recorded  with  neutron 
logs  that  reflect  silt-rich 
horizons.  (After  Ander¬ 
son  1977.) 
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Figure  12  (cont'd).  Cross-sections  along  Ship  Creek. 


18 


to  contents 


legger  Cove  Formation,  but  available  data  are  not 
conclusive  (Hunter  et  al.  1997).  Descriptions  of 
the  confining  layer  below  fhe  cantonmenf  range 
from  fill  (wells  1  and  17;  Cederstrom  et  al.  1964)  to 
variations  of  silty  gravel,  clayey  gravel,  or  silt 
with  sand  (e.g.,  AP-3482,  AP-3485)  to  silt  (AP- 
3468)  and  clay  (AP-3479;  USAGE  1996b).  The 
majority  of  these  descriptions  suggest  that  they 
are  not  all  fine-grained,  estuarine  deposits. 
Clayey  gravel,  silty  sand,  or  silt  with  sand  could 
be  interpreted  as  a  nearshore  or  ice  marginal 
phase  of  the  Bootlegger  Cove  Formation,  but  other 
interpretations  are  possible,  such  as  diamicton 
originating  as  ice  marginal  debris  flows  or  fill. 
Many  of  fhe  sfrata  are  also  laterally  discontinu¬ 
ous  and  therefore  probably  not  the  Bootlegger 
Cove  Formation.  For  example,  the  9-m  confining 
layer  in  well  1  (Cedersfrom  ef 
al.  1964)  af  fhe  norfh  side  of 
fhe  railroad  yard  in  fhe  can¬ 
tonment  area  does  not  corre¬ 
late  laterally  with  deposits  in 
the  center  of  fhe  cantonment, 
where  over  42  m  of  gravel  and 
sand  lies  below  fhe  surface 
(well  AP-3591,  USAGE 
1996b).  The  genesis  of  these 
deposits  needs  to  be  defined 
by  better  and  more  detailed 
analyses  to  determine  their 
spatial  geometry. 


Mountain  View  fan 

The  uppermosf  sfrafi- 
graphic  unif  below  the  can¬ 
tonment  is  the  Mountain 
View  fan.  Ifs  sfrafa  are  mosfly 
sand  and  gravel,  wifh  a  high 
concenfrafion  (10  to  15%)  of 
fines  (silt,  clay).  Interbedded 
silty  sand  and  gravel  contain¬ 
ing  lenses  and  layers  of  silt 
and  clay  are  common.  Silt  and 
clay  horizons  may  be  rafted 
blocks  transported  during 
outburst  floods  or  deposifs  in 
small  ephemeral  ponds  and 
backwater  areas  of  aban¬ 
doned  channels.  These  fan 
deposifs  are  commonly  on  fhe 
order  of  15  to  18  m  thick  in  the 
vicinity  of  fhe  cantonmenf 
area  (Cederstrom  et  al.  1964) 
and  are  not  similar  to  the 


mostly  "clean"  gravel  normally  associated  with 
glacial  outwash. 

The  fan's  sfrata  may  also  interfinger  wifh  more 
or  less  continuous  horizons  of  diamicton  where  it 
lies  near  the  margin  of  fhe  Elmendorf  Moraine. 
Glaciers  frequenfly  generate  debris  flows  as  sedi- 
menfs  are  released  by  melting  ice  during  fhe  mo¬ 
raine  building  process.  These  debris  flows  could 
have  produced  diamictons  interbedded  with  silts 
deposited  from  melfwater,  similar  to  what  is 
found  along  fhe  margin  of  fhe  Matanuska  Glacier 
today  (Lawson  1979, 1982).  More  localized  layers 
or  lenses  of  diamicton  may  also  be  generated  in 
meltwater  channels  incised  into  the  moraine, 
overall  forming  a  small  fan-shaped  deposit  (Fig. 
13;  map  unit  eo;  Plate  1).  Sand  and  gravel  layers 

Incised  Gully 


Inactive  Channels 
and  Fan  Lobe 


Not  Drawn  to  Scale 
Extreme  Vertical  Exaggeration 


Active  Channel 
Deposits 


Levee  Deposits 


Figure  13.  Fan  such  as  those  along  the  margin  of  the  Elmendorf  Moraine.  The 
stratigraphy  near  the  apex  is  composed  of  interbedded  diamicton  sheets  and 
incised  channel  deposits  (gravel).  Increased  meandering  near  the  fan  toe  produces 
broad  sand  and  gravel  lenses.  (After  Galloway  and  Brown  1973.) 
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develop  from  the  normal  flow  of  water  in  these 
channels  and  are  interbedded  with  the  debris- 
flow  diamictons  (Jopling  and  MacDonald  1975). 
Overall,  the  alternation  between  debris  flow 
deposition  and  stream  channel  migration  pro¬ 
duces  a  complex  interbedded  sequence  of  gravels 
and  diamictons  that  probably  characterizes  the 
north  cantonment  area. 

HYDROGEOLOGY 

Regional 

The  hydrogeology  of  the  Anchorage  Lowland 
has  been  extensively  studied,  as  researchers  have 
examined  various  ground  water  issues  (e.g., 
Cederstrom  et  al.  1964,  Waller  1964,  Barnwell  et 
al.  1972,  Freethy  1976,  Anderson  1977,  Zenone 
and  Anderson  1978,  Dearborn  and  Schaefer  1981, 
Munter  and  Allely  1992).  The  overall  setting  is 
reasonably  well  known  (Fig.  14).  Water  enters  the 
ground  water  system  through  runoff  along  the 
mountain  front,  percolation  of  rain  and  snowmelt 
across  the  region,  stream  infiltration  in  losing 
river  reaches,  and  seeps  from  bedrock  fractures 
(Table  2).  The  water  flows  down-gradient  (from 


high  hydrostatic  head  to  lower  hydrostatic  head) 
in  either  an  unconfined  or  confined  aquifer.  The 
confined  aquifer  often  has  artesian  water;  the 
potentiometric  surface  is  of  higher  elevation  than 
the  base  of  the  confining  layer.  Regionally, 
ground  water  in  the  Anchorage  Lowland  flows 
roughly  from  the  Chugach  Mountains  to  Knik  or 
Tumagain  Arms.  It  discharges  where  streambeds 
intersect  the  water  table  (i.e.,  lower  reach  of  Ship 
Creek),  where  the  ground  water  table  intersects 
the  surface,  forming  ponds  and  lakes,  or  where 
the  confining  layer  is  truncated  (i.e.,  coastal 
bluffs),  producing  seeps  and  springs. 

The  hydrogeology  in  the  Anchorage  area  has 
traditionally  been  treated  as  a  three-component 
system,  consisting  of  an  upper  unconfined  and  a 
lower  confined  aquifer,  separated  by  a  confining 
horizon  with  low  permeability  (Cederstrom  et  al. 
1964,  Freethy  1976,  Anderson  1977).  The  silty  clay 
to  clayey  silt  of  the  Bootlegger  Cove  Formation  is 
generally  thought  to  be  a  confining  layer  because 
of  its  low  hydraulic  conductivity  (e.g.,  USAF 
1994).  The  Bootlegger  Cove  Formation  extends 
across  most  of  the  Anchorage  Lowland  (Ulrey 
and  Updike  1983),  but  probably  pinches  out 


Figure  14.  Generalized  hydrogeologic  cross  section  from  the  Chugach  Mountains  to  Knik  Arm.  (After 
Barnwell  et  al.  1972.) 
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somewhere  below  Fort  Richardson.  Confining 
layers  appear  to  exist  at  the  north  and  southeast¬ 
ern  sections  of  the  cantonment,  but  well  AP-3591 
found  no  confining  layer  in  the  center  of  the  can¬ 
tonment,  where  the  confined  and  unconfined 
aquifers  appear  to  converge  (USAGE  1996b). 

Sand  and  gravel  of  the  unconfined  and  con¬ 
fined  aquifers  are  exceptionally  permeable  and 
hydraulically  conductive.  Recharge  studies  were 
conducted  by  temporarily  diverting  the  flow  of 
Ship  Creek  into  storage  basins  on  Fort  Richard¬ 
son.  The  recharge  rate  was  measured  at  1.5  x  10^ 
m3/day,  while  a  second  test  in  coarser  gravel 
achieved  a  recharge  rate  of  5.3  x  10^  m^/day 
(Anderson  1977,  Updike  et  al.  1984).  Anderson 
(1977)  calculated  a  permeability  of  68.6  m/day 
while  Freethy  (1976)  proposed  a  much  higher 
value  of  720  m^/day  for  transmissivity.  The 
ground  water  mounded  during  the  second  test, 
equivalent  to  9.4  and  4.9  m  in  the  unconfined  and 
confined  aquifers,  respectively  (Anderson  1977); 
however,  water  levels  dropped  rapidly  once  the 
artificial  recharge  was  shut  off. 


Fort  Richardson  hydrogeology 

The  hydrogeology  of  Fort  Richardson  has  been 
briefly  summarized  in  numerous  engineering 
reports,  but  detailed  studies  are  restricted  largely 
to  Freethy  (1976),  Anderson  (1977),  and  USAGE 
(1996b).  Despite  these  studies,  the  ground  water 
conditions  below  Fort  Richardson  remain  poorly 
known  and  require  further  detailed  investiga¬ 
tions.  Detailed  subsurface  information  is  generally 
lacking  for  the  glacial  sediments  that  range  from 
70  to  97  m  thick  below  the  cantonment  (Ceder- 
strom  et  al.  1964). 

The  shallow,  near-surface  aquifer  occurs  in  the 
Mountain  View  fan  sediments  (Fig.  10  and  12). 
The  water  table  lies  at  a  depth  of  3  to  13  m  in  sedi¬ 
ments  that  are  approximately  18.3  m  thick  in  the 
main  cantonment  (Cederstrom  et  al.  1964,  USAGE 
1996b).  The  water  table  dips  to  almost  37  m  bgs 
(below  ground  surface)  at  AP-3462,  beyond  the 
apparent  limit  of  the  confining  layer  where  the 
confined  and  unconfined  aquifers  converge  (Fig. 
14  and  15a).  The  confining  layer  may  be  the  Dish- 
no  Pond  or  Fort  Richardson  diamicton  or  possi- 


a.  Top  of  unconfined  aquifer  in  May  1995.  (After  USAGE  1996b.) 

Figure  15.  Ground  water  maps.  (Contours  in  feet,  as  originally  measured.  To  convert  to 
meters,  multiply  by  0.3048.) 
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b.  Top  of  unconfined  aquifer  in  August  1995.  (After  USAGE  1996b.) 


c.  Top  of  unconfined  aquifer  in  November  1995.  (After  USAGE  1996b.) 
Figure  15  (cont'd).  Ground  water  maps. 
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d.  Potentiometric  surface  of  confined  aquifer  in  May  1995.  (After  USAGE  1996b.) 


e.  Potentiometric  surface  of  confined  aquifer  in  August  1995.  (After  USAGE  1996b.) 

Figure  15  (cont'd). 
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/.  Potentiometric  surface  of  confined  aquifer  in  November  1995.  (After  USAGE  1996b.) 


g.  Top  of  confining  layer  as  defined  by  USAGE  (1996b). 
Figure  15  (cont'd).  Ground  water  maps. 
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Figure  16.  50-MHz  radar  profile  collected  along  Loop  Road  showing  a 
shallow,  gently  dipping  reflector  at  the  interpreted  base  of  Mountain 
View  fan. 


bly  the  Bootlegger  Cove  Forma¬ 
tion.  A  deep  well  drilled  at  the 
northern  edge  of  the  cantonment 
(well  1;  Cederstrom  et  al.  1964) 
penetrated  about  97  m  of  unconsol¬ 
idated  sediment  prior  to  encoun¬ 
tering  bedrock.  The  upper  15.2  m, 
with  its  base  at  elevation  83  m  asl 
(above  sea  level),  consisted  of 
sandy  gravel  in  Mounfain  View  fan 
deposifs.  The  nexf  40  m  (base  at  43 
m  asl)  was  described  by  Ceder¬ 
strom  et  al.  (1964)  as  till;  however, 
the  properties  of  fhis  horizon  could 
also  be  aftributable  to  a  glacial- 
marine  silt. 

The  USACE  (1996b)  defined  fhe 
fop  of  fhe  unconfined  aquifer  at  52 
to  55  m  asl,  at  what  would  be  almost  30  m  within 
this  diamicton.  A  diamicton  was  also  encoun¬ 
tered  4  m  below  the  surface  (85  m  asl)  near  fhe  Forf 
Richardson  powerplant  (well  17;  Cedersfrom  et  al. 
1964).  This  diamicton  was  rnterbedded  with  sand 
and  gravel  down  to  17  m  depth  (61  m  asl).  Hills 
nearby  this  well  site  have  been  mapped  as  drum- 
linized  ground  moraine  of  Dishno  Pond  age 
(Plate  1;  App.  A).  These  hills  are  relict  landforms 
that  project  through  deposits  of  the  Mountain 
View  fan  and  fhis  may  be  a  lateral  extension  of 
fhe  diamicton  in  the  powerplant  area. 

The  the  two  diamicton  horizons  in  wells  1  and 
17  (Cederstrom  et  al.  1964)  top  out  at  approxi¬ 
mately  the  same  elevation  (83  to  85  m  asl),  which 
might  suggest  that  a  more  or  less  continuous 
sheet  of  diamicton  once  extended  below  the  can¬ 
tonment.  However,  at  the  southern  edge  of  fhe 
railyard  loop,  AP-3591  penetrafed  46  m  of  gravel 
down  to  50  m  asl  (Fig.  9).  Although  its  silt  content 
increased  at  depth,  a  diamicton  was  not  encoun¬ 
tered.  We  must  assume  that  the  confining  layer 
does  not  exist  here.  Nearby,  wells  AP-3184  and 
AP-3470  encounter  perched  or  unconfined 
ground  water  at  96  to  98  m  asl,  respectively.  This 
is  12  to  15  m  above  the  diamicton  in  wells  1  and 
17.  Unfortunately,  these  wells  did  not  penetrate 
through  the  impermeable  confining  layer  (at  AP- 
3184,  drilling  was  stopped  just  after  ground 
water  was  encountered),  and  so  we  cannot  deter¬ 
mine  the  thickness  of  fhe  diamicton  or  whefher 
fhe  lower  diamicton  extends  across  the  area. 

Ground-penetrating  radar  profiles  along  Arc¬ 
tic  Valley  Road  near  here  show  a  sfrong  reflector 
between  5  and  10  m  below  the  surface  fhaf 
appears  to  extend  to  Davis  Highway  and  Loop 


Road,  where  a  similar  reflector  dips  to  a  depth  of 
20  m  (Fig.  16)  (Sfrasser  ef  al.  1996).  The  signal  is 
probably  tost  below  the  horizon  through  attenua¬ 
tion  in  the  silty  matrix  of  fhe  confining  layer.  The 
overlying  10  to  20  m  of  sedimenf  is  sand  and 
gravel  of  fhe  Mounfain  View  fan.  Again,  fhis  hori¬ 
zon  roughly  agrees  in  elevation  with  the  top  of 
fhe  diamicton  at  well  17  and  may  be  the  top  of  a 
once-confinuous  diamicton  bed.  This  stratum 
may  be  absent  at  well  AP-3591  because  of  local 
dissection  during  flooding  on  fhe  fan.  Also,  pro¬ 
glacial  sfreams  migrating  across  the  front  of  fhe 
advancing  Elmendorf  ice  may  have  eroded  and 
dissecafed  fhe  sedimenfs.  Therefore,  the  perched 
ground  water  zones  encountered  in  wells  could 
simply  be  locally  confined  by  remnants  of  fhe 
diamicton  (Fig.  17a).  At  places  where  the  diamic¬ 
ton  has  been  eroded,  a  gravel  aquifer  extends  to 
great  depth  (e.g.,  AP-3591).  If  the  diamicton  was 
actually  continuously  eroded  along  the  front  of 
fhe  moraine,  then  the  location  of  fhe  dipping 
water  surface  near  fhe  Davis  Highway  and  Loop 
Road  (Fig.  15a)  could  be  ifs  norfhem  limif. 

Another  plausible  alternative  is  that  the  diam¬ 
icton  observed  in  well  1  formed  as  a  resulf  of 
debris  flows  from  fhe  Elmendorf  Moraine.  Evi¬ 
dence,  such  as  erosional  feafures  (clay  rip-up 
clasfs)  af  the  base  of  fhe  diamicton,  supports  this 
concept,  as  do  observations  along  modem  glacier 
margins.  The  silty  deposits  may  be  a  transitional 
phase  of  fhe  Bootlegger  Cove  Formation,  with  the 
clay  balls  being  recycled  material  from  marine 
silty  clay  eroded  to  the  north.  If  fhis  is  fhe  case, 
fhe  diamicfon  encountered  in  well  17  is  from  a 
separate  source  and  would  either  have  to  dip  to 
the  north  and  west  underneath  the  cantonment. 
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Figure  17.  Proposed  stratigra¬ 
phy  below  the  Fort  Richardson 
cantonment.  Erosive  activity  (a) 
during  deposition  of  the  Moun¬ 
tain  View  fan  cut  through  the 
Dishno  Pond  ground  moraine 
and  edges  of  the  Elmendorff  Mo¬ 
raine.  Erosion  and  deposition  (b) 
associated  with  the  Mountain 
View  fan  was  accompanied  by 
sediment  failure  along  the  mar¬ 
gin  of  the  Elmendorf  Moraine, 
producing  an  interstratification 
between  sand  and  gravel  and 
diamicton.  Wells  drilled  at  site  A 
would  encounter  a  diamicton  at 
an  elevation  roughly  equivalent 
to  the  top  of  the  diamicton 
encountered  in  well  B. 


a.  Perched  Water  on  Fort  Richardson  Glenn  Highway 

Top  of  Diamicton  Block  Cantonment 

That  Is  an  Erosional  Remnant 


Not  Drawn  to  Scale 


Perched  Water  on  Fort  Richardson  Glenn  Highway 

Top  of  Debris  Flow  Cantonment 

Composed  of  Diamicton 


Not  Drawn  to  Scale 


Elmendorf  Moriane  (polygenetic  mixture  of  diamicton,  sand,  and  gravel) 
Dishno  Pond  diamicton 
Fort  Richardson  diamicton 

Sand  and  gravel  of  the  Mountain  View  fan  with  silt  lenses 
Older  outwash  sand  and  gravel 


Figure  18.  Ground  water  level  at  Elmendorff  Air  Force  Base  in  September  1993.  (Contours  in  feet,  as 
originally  measured.  To  convert  to  meters,  multiply  by  0.3048.)  (After  USAF 1994.) 
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Elmendorf  Moraine,  and  Bootlegger  Cove  For¬ 
mation  or  it  has  been  eroded  away.  However,  a 
dipping  horizon  like  this  is  not  supported  by  our 
interpretation  of  the  GPR  data  (Fig.  16). 

A  more  likely  alternative  is  that  cantonment 
deposits  result  from  a  combinafion  of  these  two 
scenarios,  where  the  diamicton  sheet  to  the  south 
was  eroded  by  proglacial  streams  in  front  of  the 
Elmendorf  Moraine  (Fig.  17b)  or  dips  to  the 
north.  Stream  and  fan  deposifs  shed  off  of  fhe 
moraine  inferfinger  wifh  gravel  deposifs  in  the 
fan.  Blocks  of  relict  diamicton  may  be  locally  bur¬ 
ied  in  the  gravel  sequence,  producing  a  complex 
architecture  of  interbedded  diamicton  and  silty 
outwash  deposits. 

The  U.S.  Army  Engineer  District,  Alaska 
(USAGE  1996b),  monitored  43  wells  between  1994 
and  1995,  providing  the  first  detailed  took  at 
ground  water  conditions  in  the  cantonment  area 
on  Fort  Richardson.  These  data  are  augmented  by 
site-specific  ground  water  data  related  to  envi¬ 
ronmental  investigations  (E  &  E  1996,  ESE  1991). 


These  preliminary  data  allow  us  to  begin  assess¬ 
ing  ground  water  movement  and  contaminant 
transport  issues. 

Ground  water  maps  (Fig.  15a-c)  (USAGE 
1996b)  and  data  from  recent  ground  water  inves¬ 
tigations  on  Elmendorf  Air  Force  Base  (USAF 
1994)  (Fig.  18)  allow  us  to  compare  fhese  recenf 
resulfs  to  the  model  proposed  by  Freethy  (1976) 
(Fig.  19).  Flow  lines  on  Figure  20  show  conver¬ 
gent  flow  in  fhe  vicinity  of  fhe  canfonmenf  area, 
implying  a  flow  boundary  to  the  north,  below  the 
crest  of  fhe  Elmendorf  Moraine.  This  paftem  was 
not  supported  by  the  USAGE  (1996b)  report.  The 
ground  water  maps  produced  by  the  Alaska  Dis¬ 
trict  imply  that  the  surface  of  fhe  unconfined 
aquifer  was  dipping  below  fhe  distal  edge  of  fhe 
moraine  (wells  AP-3471  and  AP-3472;  Fig.  15a-c). 
This  area  is,  however,  locafed  af  the  outer  limit  of 
fhe  USAGE  dafa  and  is  fherefore  poorly  defined. 
Figure  20  compares  the  contrasting  flow  lines 
from  fhe  two  models  along  the  north  edge  of  fhe 
cantonmenf.  We  carmof  resolve  this  discrepancy. 


-41- K'  \m-v 


Figure  19.  Ground  water  level  in  the  lower  Ship  Creek  basin  as  determined  by  Freethy  (1976).  (Contours  in  feet,  as 
originally  measured.  To  convert  to  meters,  multiply  by  0.3048.) 
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Figure  20.  Comparison  of  ground  water  flow  patterns.  White  flow  arrows  are  inferred  from  ESE 
(1991),  USAF  (1994),  USAGE  (1996b),  and  E&E  (1996).  Black  flow  arrows  are  from  Freethy  (1976). 


but  it  is  clearly  important  to  understanding  how 
groimd  water  moves  and  contaminants  migrate  in 
the  cantonment  area  and  Operable  Unit  D  (OU  D). 

The  elevation  of  the  water  table  (unconfined 
aquifer)  was  monifored  fhree  times  in  1995  and 
used  fo  contour  fhe  wafer  surface  below  fhe  can- 
fonmenf  area  (Fig.  15).  Some  mferesfrng  changes 
in  fhe  configuration  of  fhe  wafer  fable  and  associ- 
afed  flow  pafhs  look  place.  Generalized  flow  paf- 
ferns  during  each  of  fhese  periods  (May,  Augusf, 
November)  were  fo  fhe  norfhwesf,  reflecfing 
recharge  from  Ship  Creek.  During  relafive  tow 
flow  (low  recharge)  conditions  in  May,  fhere 
appears  fo  be  a  sfrong  divergence  in  flow  near  fhe 
infersecfion  of  fhe  Davis  Highway  and  Loop 
Road.  The  divergence  is  probably  confrolled  by 
fhe  upper  topography  of  a  confining  layer.  There 
may  also  be  flow  divergence  caused  by  a  zone  of 
high  hydraulic  conducfivify  below  fhe  Mounfain 
View  fan  deposifs  in  fhe  vicinify  jusf  wesf  of  Loop 
Road.  In  Augusf,  under  higher  recharge  condi- 
fions,  flow  lines  are  sfill  divergenf  buf  fend  fo 
form  broad  arcs  fhaf  are  more  consisfenf  and  sub¬ 
parallel,  wifh  discharge  fo  wards  fhe  norfh  jusf 
easf  of  fhe  railyard  loop  and  wesferly  near  Loop 
Road. 

One  problem  fhaf  we  have  observed  is  fhaf  fhe 
fop  of  fhe  confining  layer,  as  defined  by  fhe  Corps 


(USAGE  1996b),  is  found  af  a  shallower  depfh 
fhan  fhe  unconfined  aquifer  (Fig.  15a-c,  g). 
Alfhough  fhis  appears  fo  be  a  producf  of  fhe 
boundaries  chosen  for  contouring,  if  infroduces 
serious  implications  fo  fufure  modeling,  since 
fhis  sifuafion  cannof  exisf  in  nafure.  Furfher 
invesfigafion  is  needed  fo  resolve  fhis  issue,  espe¬ 
cially  since  if  direcfly  affecfs  fhe  modeling  of  con- 
famrnanf  fransporf  m  OU  D  (ENSR  1996). 

Moniforrng  of  fhe  confining  aquifer  during  fhe 
same  period  shows  a  general  fendency  for  norfh- 
wesferly  flow  (Fig.  15d-f).  Along  a  line  from  AP- 
3479  fo  fhe  norfh  side  of  Building  740  (approxi- 
mafely  parallel  fo  flow),  fhe  gradienf  of  fhe 
pofenfiomefric  surface  was  approximafely  0.0155 
for  all  measuremenf  periods.  The  61-  and  76-m 
confours  almosf  replicate  fhose  proposed  by 
Cedersfrom  ef  al.  (1964).  There  appears  fo  be  only 
minimal  seasonal  or  long-term  change  in  fhe  con¬ 
fined  aquifer. 

Dafa  rndicafe  fhaf  along  fhe  norfhwesf  edge  of 
fhe  canfonmenf,  fhe  imconfmed  aquifer  plimges 
and  recharges  a  deeper  aquifer  (Fig.  15a).  Based 
on  fhe  ground  wafer  dafa  from  AP-3471  and  AP- 
3472  (USAGE  1996b),  if  appears  likely  fhaf  af  leasf 
some  of  fhis  wafer  reenfers  a  confined  aquifer 
and  continues  flowing  fo  fhe  norfhwesf  under- 
neafh  fhe  Elmendorf  Moraine.  More  dafa  are 
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Figure  21.  Operable  Units  on  Fort 
Richardson. 


required  however  to  determine  if  in 
fact  this  is  happening  and  how  it 
affects  flow  in  general. 


Significance  to  contaminant  transport 

Based  on  the  limited  preliminary  data  that  are 
available,  we  can  begin  assessing  contaminant 
transport  in  the  cantonment  area  and  beneath  the 
different  OUs  (Fig.  21,  Table  3)  (USAGE  1996a). 

Operable  Unit  A 

The  Petroleum,  Oil,  and  Lubricant  Laboratory 
Dry  Well  (POLLDW),  Ruff  Road  Fire  Training 
Area  (RRFTA),  and  Roosevelf  Road  Transmiffer 
Sife  Leachfield  (RRTSL)  are  in  OU  A. 

The  POLLDW  is  locafed  in  a  cenfral  parf  of  fhe 
Mounfain  View  fan  deposifs,  where  ground 
wafer  is  relafively  deep,  abouf  61  m  below  fhe 
ground  surface,  or  52  fo  55  m  asl.  Flow  vecfors 
flucfuafed  from  roughly  norfh-norfhwesf  fo 


almosf  wesferly  during  1995  (USAGE  1996b). 
Mean  flow  is  probably  fo  fhe  norfhwesf,  buf  af 
peak  discharge  fhe  flow  is  in  a  norfh-norfhwesf 
direcfion.  In  a  worsf-case  scenario,  Diesel  Range 
Organics  (DRO)  af  fhe  sife  could  be  fransporfed  fo 
fhis  deep  imconfined  aquifer,  producing  a  broad 
plume  af  depfh.  Maximum  fransporf  would  prob¬ 
ably  occur  during  peak  ground  wafer  discharge, 
exfending  fhe  plume  fo  fhe  norfh-norfhwesf. 

Grormd  wafer  af  RRFTA  is  encounfered  46  m 
below  fhe  surface  where  flow  is  roughly  fo  fhe 
wesf-norfhwesf  (Fig.  22)  (E&E  1996).  We  defer- 
mined  fhis  flow  direcfion  on  fhe  basis  of  fhe  sife 
invesfigafion  of  E&E  (1996),  buf  if  does  nof  agree 
wifh  fhe  surface  confours  defermined  from  dafa 
fhaf  fhe  USAGE  (1996b)  measured.  However,  on 
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Table  3.  Identified  or  suspected  contaminants  at  Fort  Richardson,  Alaska. 


Overable  unit 

Source  area 

Contaminants 

A 

Building  986  Petroleum,  Oil, 

and  Lubricant  Laboratory  Dry  Well 

POLs,  solvents,  semi-volatile  organics,  and  metals 

Roosevelt  Road  Transmitter  Site 

Leachfield 

PCBs,  solvents,  and  metals 

Ruff  Road  Fire  Training  Area 

POLs  and  dioxins 

B 

Poleline  Road  Disposal  Area 

VOCs,  chemical  warefare  materials 

C 

Eagle  River  Flats 

White  phosphorus 

D 

Building  35-752 

PCBs,  diesel,  alcohols,  paint  waste,  petroleum  hydrocarbons, 
and  dry-cleaning  solvents 

Building  700/718 

PCBs,  POLs,  solvents,  mineral  spirits,  alcohols,  ethylene 
glycol,  Stoddard  solvent,  MEK,  cyclohexylamine,  PCE,  and 
TCE 

Building  704 

POLs,  chlorinated  solvents,  alcohols,  mineral  spirits,  paint 
waste,  and  ballast  water 

Building  726 

PCE,  TCE,  Stoddard  solvent  and  other  chlorinated  solvents 

Building  796 

Battery  acid  and  lead 

Building  955 

PCBs,  petroleum  hydrocarbons,  VOCs,  semi-VOCs,  ethlyene 
glycol,  metals,  and  pesticides 

Building  45-590 

Petroleum  hydrocarbons  and  PCE 

Dust  Palliative  Areas 

PCBs,  petroleum  hydrocarbons,  and  metals 

Landfill  Former  Fire  Training  Area 

POLs  and  VOCs 

Landfill  Grease  Pits 

POLs,  solvents,  ethylene  glycol,  paint  waste,  and  pesticides 

Stormwater  Drainage  Outfall  to  Ship  Creek 

Any  hazardous  substance  used  at  Port  Richardson 

MEK  =  Methyl  ethyl  ketone  POLs  =  Petroleum,  oil,  and  lubricants 

PCBs  =  Polychlorinalted  biphenyls  TCE  =  Trichloroethene 

PCE  =  Tetrachloroethylene  VOCs  =  Volatile  organic  compounds 


the  basis  of  the  investigation  by  E&E  (1996),  flow 
paths  appear  relatively  uniform,  so  that  a  plume 
from  point  sources  should  be  long  and  drawn  out 
along  ground  water  flow  lines. 

A  similar  situation  should  be  expected  at  the 
RRTSL,  where  flow  is  to  the  west-southwest  and 


ground  water  is  24  m  below  the  surface  (Eig.  23). 
However,  modeling  by  E&E  (1996)  suggests  that 
DRO-t5rpe  contaminants  are  unlikely  to  migrate 
into  the  ground  water  at  these  depths  for  90  years 
or  more. 


Figure  22.  Ground  water  level  at  RRFTA  as  monitored  by  E&E  (1996).  (Contours  in  feet,  as 
originally  measured.  To  convert  to  meters,  multiply  by  0.3048.) 
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Figure  23.  Ground  water  level  at  RRTSL  as  monitored  by  E&E  (1996).  (Contours  in  feet, 
as  originally  measured.  To  convert  to  meters,  multiply  by  0.3048.) 


Operable  Unit  B 

The  Poleline  Road  investigation  report  (ESE 
1991,  OHM  1994)  shows  divergent  flow  below 
this  contaminant  site  (Eig.  24).  The  area  west  of 
Poleline  Road  appears  fo  experience  soufh- 
soufhwesferly  flow,  wifh  an  increasingly  easferly 
componenf  furfher  fo  fhe  easf.  A  plume  generafed 
in  fhis  area  would  likely  spread  ouf  along  fhe 
flow  lines. 

Operable  Unit  C 

Only  limifed,  very  shallow  groimd  wafer  dafa 
are  available  for  ERE  (Racine  and  Cafe  1995).  The 
confaminanf  being  invesfigafed  is  elemenfal 
while  phosphorus,  which  is  resfricfed  fo  fhe  sur¬ 
face  and  near-surface  environmenf.  If  is  relafively 
insoluble  and  fransporf  appears  limifed  fo  surfi- 
cial  drainageways  and  fhe  Eagle  River  (Lawson 
ef  al.  1996a,b). 

Operable  Unit  D 

The  numerous  OU  D  sources  can  be  separafed 
info  fhree  general  clusfers  as  shown  on  Eigure  21. 
To  fhe  soufh,  fhe  Sformwafer  Ouffall  and  Build¬ 
ing  35-752  overlie  deposifs  of  fhe  Ship  Creek 
drainage.  Along  fhis  secfion  of  Ship  Creek, 
sfream  wafers  recharge  fhe  aquifer  sysfem  and 
fhe  wafer  fable  is  very  shallow  (approximafely  5 
m  bgs  near  Building  35-732).  Groimd  wafer  flow 
lines  af  fhese  sifes  frend  from  wesf-norfhwesf  fo 
norfhwesf. 


A  second  group  of  source  areas  in  fhe  canfon- 
menf  lies  near  fhe  cenfral  portion  of  fhe  Mounfam 
View  fan  deposifs,  including  Buildings  45-590, 
955, 726, 700/718, 704,  and  796.  The  ground  wafer 
flow  af  Building  955  is  similar  fo  fhaf  described 
for  fhe  POLLDW  of  OU  A.  Af  Building  796, 
locafed  norfheasf  of  mosf  of  fhis  group,  ground 
wafer  is  encounfered  af  abouf  30  m  bgs.  Ground 
wafer  flow  ranges  from  norfherly  fo  norfhwesf- 
erly  (Eig.  15a-c).  This  variabilify  would  produce  a 
broad  plume  if  pollufanfs  were  fo  migrafe  fo  fhis 
deep  level.  The  remainder  of  fhe  group  (Build¬ 
ings  45-590,  726,  700/718,  and  704)  are  relafively 
close  fogefher  in  an  area  where  fhe  wafer  fable  is 
encounfered  af  abouf  33  m  below  fhe  surface.  The 
ground  wafer  flow  lines  in  fhis  area  frend  fairly 
consisfenfly  fo  fhe  norfhwesf,  which  would  pro¬ 
duce  a  plume  wifh  limifed  laferal  dispersal. 

The  fhird  group  of  OU  D  sources  lies  af  fhe 
norfhem  edge  of  fhe  Mounfam  View  fan  in  fhe 
landfill  area  (Landfill  Grease  Pifs,  Landfill 
Eormer  Eire  Training  Area).  These  sifes  are  close 
fo  fhe  soufhern  edge  of  fhe  Elmendorf  Moraine 
and  fhe  underlying  maferials  should  include  an 
inferfingering  of  moraine-  and  fan-relafed  depos¬ 
ifs.  The  ground  wafer  surface  in  fhis  region  was 
encounfered  af  a  depfh  of  46  m.  These  sifes  are  af 
fhe  perimefer  of  fhe  region  confoured  by  fhe 
USAGE  (1996b)  ground  wafer  sfudy,  where 
exfrapolafion  may  have  resulfed  in  unreliable 
values.  The  flow  directions  shown  range  from 
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a.  September  1991. 


b.  October  1990. 

Figure  24.  Ground  water  level  at  Poleline  Road  as  monitored  by  ESE  (1991).  (Contours  in 
feet,  as  originally  measured.  To  convert  to  meters,  multiply  by  0.3048.) 
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westerly  in  May  and  August  to  north-northwest 
in  November.  Contaminants  reaching  the  ground 
water  table  in  this  region  would  form  a  broad 
plume. 

CONCLUSIONS 

The  hydrogeology  of  Forf  Richardson  is  far 
more  complicated  than  that  of  Anchorage  and 
neighboring  Elmendorf  Air  Force  Base.  Defining 
fhe  boundary  conditions  is  parficularly  difficult. 
In  both  of  fhe  ofher  areas,  fhe  Bootlegger  Cove 
Formation  forms  a  relatively  continuous  blanket 
that  behaves  as  a  flow  boundary  fo  fhe  upper 
unconfined  aquifer.  Flow  across  Elmendorf  Air 
Force  Base  is  generally  norfh  to  south  (Fig.  18  and 
20),  with  ground  water  recharge  from  the  Elmen¬ 
dorf  Moraine  and  discharge  fo  fhe  lower  reaches 
of  Ship  Creek.  Therefore,  bofh  fhe  Elmendorf 
Moraine  and  Ship  Creek  can  be  freated  as  flow 
divides  (north  and  south,  respectively).  To  the 
east,  flow  circulates  counter-clockwise  in  the 
vicinity  where  Ship  Creek  shifts  from  a  losing 
sfream  (where  it  recharges  the  aquifer)  to  a  gain¬ 
ing  stream  (where  the  aquifer  discharges  into  the 


stream;  Fig.  25).  USAF  (1994)  treats  the  Bootleg¬ 
ger  Cove  Formation  as  a  boundary  to  the  west, 
where  it  reportedly  rises  below  the  coastal  bluffs 
and  limifs  westerly  flow. 

Ground  water  surface  maps  currenfly  propose 
conflicting  models  for  Fort  Richardson  (Fig.  20). 
According  to  Freethy  (1976),  the  crest  of  fhe 
Elmendorf  Moraine  acfs  as  a  flow  divide  and 
causes  convergent  flow  below  the  northern  area 
of  fhe  cantonment  along  the  front  of  fhe  moraine. 
The  unconfined  aquifer  mimics  surface  topogra¬ 
phy  and  flows  from  the  high  elevations  along  the 
Elmendorf  Moraine  and  fhe  front  of  fhe  Chugach 
Mounfains.  Below  the  cantonment,  these  topo¬ 
graphically  driven  flows  encounter  water  mov¬ 
ing  north  in  response  to  recharge  from  Ship 
Creek.  Flow  convergence  would  produce  a  west¬ 
erly  flow  in  the  unconfined  aquifer  and  high  dis¬ 
charge  along  fhe  front  of  fhe  Elmendorf  Moraine 
towards  Elmendorf  Air  Force  Base.  However, 
because  fhe  unconfined  aquifer  plunges  norfh- 
ward  below  the  cantonment,  this  flow  instead 
probably  recharges  the  deeper  confined  aquifer 
beyond  fhe  eastern  limit  of  fhe  Bootlegger  Cove 
Formation. 


Chugach  Elmendorf  A. F.B. 
Electric  Powerplant  and 
Powerplant  Fish  Hatchery 


Fort  Richardson 

Powerplant  and  City  and  Military 

Fish  Hatchery  Water  Treatment  Plants 


Figure  25.  Major  water  diversions  along  Ship  Creek,  showing  shift  from  a  losing  channel  on 
Fort  Richardson  to  a  gaining  channel  on  Elmendorff  Air  Force  Base.  (After  Barnwell  et  al. 
1972.)  1-The  combined  capacity  of  the  treatment  plants  is  64,352  m^/day.  During  the  lowest  flow 
days  nearly  every  year,  they  cannot  operate  at  full  capacity.  2-Fort  Richardson  powerplant  uses 
nearly  all  of  the  low  flow  in  the  stream  for  cooling  and  returns  warm  water  to  the  channel.  3- 
Elmendorff  Air  Force  Base's  powerplant  uses  most  of  the  low  flow  for  cooling,  then  returns  it  to  the 
channel.  During  the  low  flow  months,  the  stream  is  supplemented  with  well  water.  4-The 
Chugach  Electric  powerplant  normally  diverts  about  11,500  m^/dayfor  cooling  water  and  returns 
it  to  the  channel. 
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An  alternative  model  is  supported  by  recent 
ground  water  data  (USAGE  1996b).  Ground 
water  flow  below  the  southern  portion  of  the  can¬ 
tonment  area  agrees  with  that  of  Freefhy  (1976), 
and  the  elevation  of  the  potentiometric  surface 
agrees  wifh  that  of  Cedersfrom  ef  al.  (1964).  How¬ 
ever,  ground  water  measurements  below  Ammu¬ 
nition  Area  A  (AP-3471  and  AP-3472)  imply 
northwesterly  flow  here,  wifh  a  limited  amount 
of  wesferly  divergence  further  to  the  south.  These 
data  would  suggest  that  the  confining  layer 
projects  beneath  the  Elmendorf  Moraine.  If  this  is 
true,  then  northwesterly  flow  of  ground  water 
could  transfer  confaminanfs  from  OU  A  and  OU 
D  undemeafh  fhe  Elmendorf  Moraine  and  to  the 
north  and  west. 

The  differences  between  these  two  models  tell 
us  that  it  is  critical  to  determine  whether  or  not 
the  Elmendorf  Moraine  is  a  flow  boundary.  Bofh 
models  are  based  on  limited  data  that  are  mostly 
marginal  to  the  cantonment.  Ereethy  (1976) 
looked  at  the  entire  Anchorage  Lowland,  with 
Eort  Richardson  at  the  northern  limit  of  his  analy¬ 
sis.  The  USAGE  (1996b)  had  13  wells  to  define  fhe 
confining  aquifer,  but  these  were  located  mainly 
in  the  southern  part  of  fhe  cantonment.  To  resolve 
these  questions,  further  studies  are  needed  and 
additional  measurements  of  ground  water, 
including  new  wells,  are  required  to  improve  our 
overall  understanding  of  ground  water  flow 
below  the  Fort  Richardson  cantonment.  The  con¬ 
fining  layer  needs  fo  be  defined  fo  determine  if  if 
is  parf  of  fhe  Bootlegger  Gove  Formation,  and 
therefore  restricfed  by  elevation  (or  paleobathy- 
metry),  or  an  extension  of  the  Dishno  Pond 
moraine.  To  evaluate  potential  contaminant 
transport  pathways,  it  is  critical  to  determine  if 
fhe  sand  and  gravel  of  the  confined  aquifer 
projecfs  under  fhe  Elmendorf  Moraine,  fhereby 
being  a  northwesterly  path  to  Knik  Arm.  By 
addressing  these  questions,  we  will  be  better  able 
to  define  fhe  flow  boundaries  required  before 
attempting  a  quantitative  ground  water  flow 
model. 
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APPENDIX  A:  DESCRIPTION  OF  MAP  UNITS 


14948'45' 


Introduction 

The  material  in  this  appendix  is  a  draft  report 
on  the  surficial  geologic  units  of  Forf  Richardson 
prepared  by  H.R.  Schmoll  and  L.A.  Yehle  of  fhe 
U.S.  Geological  Survey.  This  secfion  confains  fheir 
mosf  recenf  classification  scheme  and  should  be 
used  when  referring  fo  fhe  surficial  geologic  map 
(Plafe  1). 

The  descriptions  given  here  have  been  derived 
by  combining  fhe  map  unif  descriptions  of  fhe  five 
l:25,000-scale  surficial  geologic  quadrangle  maps 
fhaf  were  used  in  making  fhe  geologic  map  of  Forf 
Richardson  and  vicinify  (plafe  1)  and  fhaf  have 
been  published  or  are  in  preparafion  in  fhe  U.S. 
Geological  Survey  open-file  reporf  series.  These 
maps  are  idenfified  by  number  on  Figure  A1  and 
are  lisfed  below  along  wifh  fhe  quadrangle  for 
which  surficial  geology  is  in  preparafion. 

1.  Anchorage  B-7  NW 

(Yehle  and  Schmoll  1987b) 

2.  Anchorage  B-8  SE/NE 

(Yehle  ef  al.  1990) 

3.  Anchorage  B-7  SW 

(Yehle  and  Schmoll  1989) 

4.  Anchorage  A-8  NE 

(Schmoll  ef  al.  1996) 

5.  Anchorage  A-7  NW 

(Schmoll  ef  al.,  in  prep.) 

The  surficial  geology  of  fhese 
quadrangles  was  mapped  initially  af 
scales  of  1:63,360  (norfhem  and  easf- 
em  parfs)  and  1:24,000  (wesf-cenfral 
and  soufhwesfern  parfs)  by  Schmoll 
and  Dobrovolny  mainly  befween  1965 
and  1971  by  inferprefafion  of 
l:40,0000-scale  airphofos  faken  in  1957 
and  1:20,000  scale  airphofos  faken  in 
1962.  Field  investigations  were  under- 
faken  by  Dobrovolny  and  Schmoll 
(1965-1971)  and  continued  infermif- 
fenfly  by  Schmoll  (1973-1983)  and  by 
Schmoll  and  Yehle  (1984-1995).  The 
original  mapping  was  changed  phofo- 
graphically  fo  1:25,000  scale  by  Yehle 
and  Schmoll  in  1986-1999  and,  excepf 
in  fhe  soufheasfern  parf,  fhe  moun- 
fainous  parfs  of  fhe  area  were 
remapped  by  Yehle  from  1: 24,000- 
scale  airphofos  faken  in  1972-1974. 


Additional  defail  in  some  ofher  areas  was  de¬ 
rived  by  Schmoll  and  Yehle  from  fhese  airphofos 
as  well. 

The  geology  of  fhe  lowland  area  was  included 
in  previous  mapping  af  smaller  scales  by  Dobro¬ 
volny  and  Miller  (1950),  Miller  and  Dobrovolny 
(1959),  and  Gedersfrom  ef  al.  (1964),  and  af  sUghfly 
larger  scale  buf  in  a  more  generalized  way  fhaf 
lacked  fradifional  geologic  map  imifs  by  Schmoll 
and  Dobrovolny  (1972a).  Ofher  workers  who 
reporfed  on  surficial  geology  of  fhe  area  wifhouf 
providing  defailed  maps  include  Karlsfrom 
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Figure  Al.  Index  map  showing  location  of  surficial  geologic  maps 
(circled  numbers,  listed  in  text)  and  selected  geomorphic  features. 
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(1964,  1965),  Reger  and  Updike  (1983,  1989),  and 
Schmoll  et  al.  (in  press).  Bedrock  crops  out  mainly 
in  the  Chugach  Mountains,  and  was  not  examined 
in  detail  in  any  of  the  maps  and  reports  cited 
above,  but  is  mapped  in  parts  of  the  area  at 
1:63,360  scale  by  Clark  and  Bartsch  (1971).  Bed¬ 
rock  of  fhe  entire  area  is  included  in  fhe  1:250,000- 
scale  reconnaissance  map  of  Clark  (1972)  that 
served  as  the  basis  for  subsequent  regional  compi¬ 
lations  at  the  same  scale  by  Magoon  et  al.  (1976) 
and  Winkler  (1992). 

The  Fort  Richardson  map  area  lies  athwart  the 
boundary  between  two  physiographic  provinces, 
the  Anchorage  Lowland  and  the  Chugach  Moun¬ 
tains.  This  boundary  extends  diagonally  across  the 
map  area  from  northeast  to  southwest  and  is 
marked  by  an  abrupt  rise  of  fhe  mounfains  known 
as  fhe  Chugach  Mountain  Front.  In  the  southern 
part  of  the  map  area,  the  margin  of  the  lowland 
northwest  of  fhe  front  consists  of  a  higher-lying, 
southwest-widening  belt  of  foothills  known  as  the 
Hillside  area. 

The  characteristics  of  fhe  surficial  geologic 
materials  delineated  by  the  map  units  described 
here  are  based  primarily  on  field  observations; 
fhey  are  supported  in  part  by  laboratory  analyses, 
especially  of  grain  size,  the  descriptions  of  which 
follows  fhe  modified  Wentworfh  grade  scale 


(American  Geological  Institute  1989).  Thickness 
estimates  are  based  on  unevenly  distributed  field 
observations  and  limited  subsurface  dafa;  for 
many  deposits,  especially  in  the  mountains,  data 
are  lacking  and  thickness  estimates  are  based  in 
large  part  on  geomorphic  considerations. 

Especially  near  mapped  bedrock  or  on  moun¬ 
tain  slopes  mapped  as  colluvium,  bedrock  may  be 
present  at  relatively  shallow  depth.  Elsewhere, 
however,  bedrock  lies  at  considerable  depth.  In  the 
descriptions  that  follow,  "bedrock"  refers  to  the 
metamorphic  rocks  of  map  unif  bo.  The  term  "older 
bedrock"  is  used  only  selectively  to  avoid  ambigu¬ 
ity  with  the  term  "younger  bedrock,"  which  is 
used  for  fhe  Tertiary  continental  rocks  of  map  unit 
by. 

The  units  described  here  may  be  overlain  by  as 
much  as  1  m  of  organic  and  windblown  (including 
volcanic)  maferials  thaf  fhicken  locally  and  grade 
info  map  unif  p.  In  the  urbanized  parts  of  fhe  map 
area,  much  of  fhis  manfle  has  been  removed  or 
ofherwise  modified.  Where  fhe  mapped  deposit 
has  also  been  significantly  altered,  in  some  places 
the  landform  destroyed,  a  suffix  u  is  added  fo  fhe 
map-unif  designator.  Slope  information  is  derived 
from  or  based  on  geomorphic  analogy  fo  estimates 
presented  in  Schmoll  and  Dobrovolny  (1972b), 
whose  slope  categories  are  used  (Eig.  A2).  Stan- 


90°  Slope:  Precipitous  Slopes  (~%) 

45°  Slope:  Very  Steep  Slopes  (1 00%) 

24°  Slope:  Steep  Slopes  (45%) 

14°  Slope:  Moderate  Slopes  (25%) 

8.5°  Slope:  Gentle  to  Moderately  Gentle  Slopes  (15%) 


Figure  A2.  Slope  categories  used  in  these  descriptions.  (After  Schmoll  and  Dobrovolny  1972b.) 
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dard  age  designations  are  omitted  from  map  sym¬ 
bols  because  all  units  except  bedrock  are  of  Qua¬ 
ternary  age.  The  correlation  of  map  unifs  is  shown 
on  Figure  A3. 

Surficial  deposits 

Surficial  deposits  underlie  the  surface  of  the 
Anchorage  Lowland  and  extend  to  depths  of  fens 
to  at  least  100  m  (mainly  west  of  the  map  area).  They 
consist  mostly  of  Pleisfocene-age  glacial  drift  that 


represents  a  sequence  of  several  glaciations.  Some 
of  these  deposits  are  found  in  sfrafigraphic 
sequences  exposed  in  bluffs  along  Knik  Arm  and 
locally  in  exposures  along  sf reams  and  in  roadcufs. 
Excepf  for  the  uppermost  one  or  two,  most  of  the 
deposits  in  these  sequences  cannot  be  directly 
related  to  the  deposits  mapped  at  the  surface.  The 
deposifs  at  the  surface  occur  in  well-defined  land- 
forms  and  include  extensive  areas  of  moraine  and 
related  glacioalluvial,  glaciolacustrine,  and  glacio- 


Figure  A3.  Generalized  stratigraphy  exposed  in  bluffs  along  Knik  Arm. 
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estuarine  deposits.  Glacial  deposits  are  common 
also  within  and  on  the  walls  of  major  moimtarn  val¬ 
leys,  and  quite  prevalent,  but  thirmer,  along  the 
Chugach  Mountain  Front;  higher  on  the  moun¬ 
tains,  glacial  deposits  are  more  widely  scattered. 
Colluvial  deposits  of  Holocene  and  late  Pleistocene 
age  form  an  extensive  veneer  on  especially  the 
lower  slopes  of  fhe  Chugach  Mounfains.  Ofher 
nonglacial  deposits  are  more  restricted  in  areal 
extent,  although  some  are  widely  distributed.  They 
include  pond,  peat,  estuarine,  alluvial,  and  anthro¬ 
pogenic  deposits  and  are  mostly  Holocene  in  age. 

Deposits  in  stratigraphic  sequence 

s  Deposits  in  stratigraphic  sequence,  undi¬ 
vided — Deposits  that  crop  out  in  bluffs 
along  Knik  Arm  and  are  too  narrow  in 
map  area  to  show  individually;  portrayed 
graphically  in  Figure  A4.  Individual  units 
shown  on  that  figure  that  are  not  other¬ 
wise  shown  on  the  map  are  described 
here,  as  are  other  deposits  that  occur  only 
in  stratigraphic  sequence  and  that  are 
shown  on  the  map. 

Diamicton  deposits.  These  are  poorly  sorted 
mixtures  of  gravel,  sand,  silt,  and  minor  clay¬ 
sized  material  that  locally  includes  widely  scat¬ 
tered  boulders;  they  are  commonly  massive,  with 
minor  bedding  locally.  Mainly  of  glacial  origin, 
fhey  are  equivalent  to  ground-moraine  deposits. 

kd  Knik  diamicton  (late  Pleistocene) — 

Includes  interbeds  of  silf,  sand,  and  gravel; 
crudely  bedded  in  some  places.  Thickness 
af  leasf  10  m.  May  be  parfly  glacioestua- 
rrne  in  origin.  Probably  equivalenf  in  age 
to  Dishno  Pond  deposits,  but  may  include 
older  late  Pleistocene  deposits, 
od  Older  diamicton  deposits  (Pleistocene) — 
Somewhat  more  oxidized  and  compact 
than  most  deposits  of  ground  moraine  af 
fhe  surface.  Thickness  af  leasf  10  m.  Possi¬ 
bly  equivalenf  in  age  fo  deposits  older 
than  those  of  fhe  Rabbif  Creek  moraine. 

Glacioalluvial  deposits.  These  are  chiefly  pebble 
and  cobble  gravel  wifh  some  interbedded  sand; 
fhey  are  well  bedded  and  sorted. 

eoa  Advance  outwash  deposits  related  to 
Elmendorf  Moraine  (late  Pleistocene) — 
Thickness  about  10  m.  Deposited  as  the 
glacier  advanced  into  glacioestuarine 
water  or  just  prior  to  the  time  when  the 


glacier  terminus  was  farther  to  the  north¬ 
east. 

doa  Advance  outwash  deposits  related  to  Dish¬ 
no  Pond  moraines  (late  Pleistocene) — 

Thickness  2  to  6  m,  base  of  unit  not  exposed 
in  places. 

og  Older  deposits  (Pleistocene) — Moderately 
ogx  oxidized  to  yellowish  gray  in  most  places. 
Thickness  about  8  to  15  m;  base  of  unit  not 
exposed.  Relationship  to  glacial  deposits 
not  evident.  In  places  more  strongly  oxi¬ 
dized  to  yellowish-orange,  possibly  but  not 
necessarily  indicating  deposits  of  subsfan- 
tially  greater  age. 

oe  Older  glacioestuarine  deposits  (late  Pleis¬ 
tocene) — Interbedded  diamicton,  variably 
pebbly  to  cobbly  silty  clay  and  clayey  silt, 
silt,  and  fine  to  medium  sand.  Bedding 
commonly  fairly  even  but  strongly  contort¬ 
ed  locally.  Thickness  10  to  14  m;  base  of  unit 
not  exposed.  Probably  deposited  in  glacio¬ 
estuarine  water  that  occupied  ancestral 
Cook  Inlet  prior  to  glacier  advances  repre¬ 
sented  by  Dishno  Pond  or  earlier  late  Pleis¬ 
tocene  moraines. 

oei  Deposits  that  are  somewhat  indurated 
(Pleistocene) — Well-bedded  silt  and  clay  lo¬ 
cally  and  intermittently  exposed  below 
mean  sea  level.  Bedding  gently  warped  at 
one  place. 

pi  Interglacial  pond  deposits  (Pleistocene) — 
Chiefly  silt  and  clay  with  some  fine  sand; 
commonly  include  marl  and  infermixed 
and  interbedded  organic  material  (peat, 
twigs,  and  wood,  commonly  compressed) 
whose  age  is  beyond  the  range  of  fhe  radio- 
carbon-dafing  mefhod.  As  much  as  a  few 
meters  thick,  overlain  and  underlain  by 
glacial  deposits.  Exposed  in  a  few  roadcufs 
along  Glerm  Highway,  at  two  places  along 
Eagle  River,  and  in  one  Knik  Arm  bluff. 

Moraine  deposits 

These  are  subdivided  primarily  according  to 
type  of  moraine  (end,  lateral,  and  several  types  of 
ground  moraine)  and  subordinately  according  fo 
correlafions  mainly  with  named  end  and  lateral 
moraines  that  extend  along  the  Chugach  Moun¬ 
tain  Eront  where  their  typical  localities  occur. 
Holocene-age  moraines  correlated  generally  with 
similarly  situated  moraines  in  the  southeastern 
part  of  fhe  Municipality  of  Anchorage,  although 
not  with  the  specifically  named  moraines  fhere. 
The  fill  fhat  composes  most  moraine  deposits  is 
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chiefly  a  diamicton,  consisting  of  massive,  unsorted 
to  poorly  sorted  mixtures  of  gravel,  sand,  silt,  and 
relatively  minor  amounts  of  clay;  in  places  it  may 
consist  of  poorly  sorted  silty  sandy  gravel;  it 
includes  large  boulders;  locally  it  may  include 
beds  of  gravel  and  sand.  These  deposits  are  gener¬ 
ally  moderately  to  well  compacted. 

End-moraine  deposits.  These  are  formed  at  the 
terminal  areas  of  glaciers  where  fhe  glacier  fronf 
was  relafively  stafionary.  Confacfs  are  well 
defined.  Topography  is  irregularly  hilly,  in  places 
being  formed  in  well-defined  gently  arcing  ridge 
complexes;  slopes  are  gentle  to  moderate  in  small 
areas  on  some  hill  and  ridge  tops  and  in  interven¬ 
ing  swales,  and  are  steep  on  hill  and  ridge  sides. 
Except  for  fhe  large  Elmendorf  Moraine  in  the  An¬ 
chorage  Lowland,  deposits  are  restricted  to  small 
moraines  in  mountain  valleys,  most  of  which  are 
correlafed  wifh  varying  degrees  of  cerfainty  wifh 
named  typical  deposits  in  lateral  moraines  along 
the  Chugach  Mountain  Eront. 

ame  Deposits  of  Alaskan  moraines  (Holocene) — 
Mark  ferminal  position  of  former  small  gla¬ 
ciers  in  heads  of  a  few  valleys  tributary  to 
Ship  Creek  in  southeastern  part  of  map 
area.  Thickness  probably  10  m  or  less, 
erne  Deposits  of  main  phase  of  Elmendorf 
emeu  Moraine  (late  Pleistocene) — Mark  limit  of 
last  significant  readvance  of  large  glacier  in 
Knik  Arm  secfor  of  Anchorage  Lowland. 
Thickness  probably  10  fo  20  m  in  large 
Elmendorf  Moraine  complex  (a  formally 
named  geographic  feafure)  that  also 
includes  map  emits  enih  and  ekh;  may  include 
gravel  and  sand  near  southern  margin  of 
complex.  Probably  less  fhan  10  m  fhick  in 
small  moraines  in  largesf  Wolverine  Valley 
and  in  upper  parf  of  Snowhawk  Valley. 
emeu  are  deposits  modified  by  urbaniza- 
fion  or  ofher  anfhropogenic  activity 
emy  Deposits  of  younger  phase  of  Elmendorf 
Moraine — Occur  in  prominenf  ridge  fhaf 
marks  a  slighf  readvance  of  fhe  glacier  and 
fhaf  extends  beyond  the  deposits  of  fhe 
main  phase  west  of  fhe  map  area, 
dme  Deposits  of  Dishno  Pond  moraines  (late 
dmeu  Pleistocene) — Mark  limits  of  readvances 
during  general  recession  of  glaciers  from 
up-valley  sources  in  mountain  valleys. 
Thickness  10  m  or  more  in  Eagle  River  Val¬ 
ley  and  South  Eork  Valley,  probably  less 
than  10  m  in  Chester  and  Wolverine  Val¬ 
leys.  dmeu  are  deposits  modified  by  urban¬ 


ization  or  other  anthropogenic  activity, 
fme  Deposits  of  Port  Richardson  moraines  (late 
Pleistocene) — Thickness  may  be  as  much 
as  10  m  in  remnant  of  major  moraine  in 
Ship  Creek  Valley  in  soufheasternmosf 
part  of  map  area,  less  fhan  10  m  in  Chester 
and  Wolverine  Valleys,  where  mark  minor 
termini  of  glaciers. 

rme  Deposits  of  Rabbit  Creek  moraines  (late 
Pleistocene) — Thickness  may  be  as  much 
as  10  m  in  major  moraine  in  Ship  Creek 
Valley  in  southeasternmost  part  of  map 
area,  less  fhan  10  m  in  valleys  of  Wolverine 
and  South  Pork  Campbell  Creeks  where 
mark  principal  termini  of  glaciers. 

Ime  Deposits  of  Little  Rabbit  Creek  moraines 
(Pleistocene) — Probably  more  oxidized 
than  younger  end-moraine  deposits. 
Thickness  less  than  1  m.  Occur  as  rem¬ 
nants  down-valley  from  better  developed 
Rabbit  Creek  moraines  in  Wolverine  Val¬ 
leys. 

Lateral-moraine  deposits.  These  occur  in  narrow, 
well-defined  ridges,  as  well  as  in  less  well- 
defined  ridge  segments,  that  mark  side  margins 
of  former  glaciers.  Ridges  descend  gradually  in 
altifude  soufhwestward  along  the  Chugach 
Mountain  Eront  and  are  arranged  en  echelon; 
successively  older  groups  of  moraine  ridges  are 
generally  befter  developed  to  the  southwest.  The 
approximate  altitudinal  ranges  are  given  for  each 
major  lateral-moraine  group;  older  moraine 
deposits  are  very  poorly  represented  along  the 
front  by  lateral  moraines,  if  af  all.  These  are  locally 
presenf  on  fhe  sides  of  several  mounfain  valleys, 
descending  down-valley.  Confacfs  are  generally 
well  defined,  except  being  gradational  commonly 
with  colluvium  on  the  upslope  sides  and  locally 
with  other  glacial  deposits.  Topography  is  mod¬ 
erately  irregular;  slopes  are  gentle  to  moderate  on 
small  areas  on  some  ridge  tops,  and  are  steep  on 
ridge  sides,  especially  the  downslope  side.  Bed¬ 
rock  may  occur  locally  at  shallow  depths  where  a 
ridge  is  relatively  high  on  the  mountainside. 
These  are  more  stable  than  other  deposits  on 
mountainsides,  but  some  instability  can  be 
expected  on  steeper  slopes. 

ami  Deposits  of  Alaskan  moraines  (Ho¬ 
locene) — Thickness  probably  less  than  10 
m.  Single  occurrence  in  head  of  valley  trib- 
ufary  fo  Snowhawk  Valley, 
eml  Deposits  of  Elmendorf  moraines  (late 
Pleistocene) — Thickness  several  to  about 
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10  m.  Occur  discontinuously  from  Little 
Peters  Creek  (300  m)  to  Eagle  River  (260  m), 
where  merge  with  end-moraine  and  kame 
deposits  to  form  prominent  Elmendorf 
Moraine  complex;  also  present  in  valley 
tributary  to  Snowhawk  Valley  and  in  larg¬ 
est  Wolverine  Valley 

dml  Deposits  of  Dishno  Pond  moraines  (late 
Pleistocene) — Thickness  probably  1  m  to 
several  meters,  but  as  much  as  15  m  where 
better  developed  near  Ship  Creek.  Extend 
discontinuously  from  Parks  Creek  (390  m) 
to  south  of  Ship  Creek  (190  m);  moderately 
well  developed  along  Eagle  River  and  its 
South  Eork  Valleys;  single  small  occurrence 
in  largest  Wolverine  Valley. 

fml  Deposits  of  Fort  Richardson  moraines  (late 
Pleistocene) — Thickness  probably  several 
meters,  except  10  to  15  m  where  better 
developed  south  of  Chester  Creek.  Extend 
discontinuously  from  near  Carol  Creek 
(500  m);  quite  continuous  southwest  of 
Eagle  River  Valley,  widening  to  form  a  well 
developed  complex  of  ridges  in  the  Hill¬ 
side  area  (350  m).  Also  present  extensively 
but  discontinuously  along  sides  of  several 
mountain  valleys. 

rml  Deposits  of  Rabbit  Creek  moraines  (late 
Pleistocene) — Thickness  ranges  from  sev¬ 
eral  meters  in  the  northeastern  to  at  least  10 
m  in  the  southwestern  ends  of  the  distribu¬ 
tion.  Discontinuous  from  near  Carol  Creek 
(580  m)  to  South  Pork  Campbell  Creek, 
where  well  developed  (440  m). 

1ml  Deposits  of  Little  Rabbit  Creek  moraines 
(Pleistocene) — May  be  more  oxidized  than 
younger  lateral-moraine  deposits.  Thick¬ 
ness  probably  a  few  to  several  meters. 
Extend  quite  discontinuously  southwest- 
ward  from  near  South  Pork  Campbell 
Creek  (500  m);  occur  also  at  one  locality  in 
Chester  Creek  Valley. 

sml  Deposits  of  Ski  Bowl  moraines  (Pleisto¬ 
cene) — Probably  more  compacted  and  oxi¬ 
dized  than  yoimger  lateral-moraine  depos¬ 
its.  Thickness  probably  several  meters. 
Contacts  more  gradational  and  topog¬ 
raphy  more  subdued  than  those  of  young¬ 
er  deposits.  Occur  along  Chugach  Moun¬ 
tain  Pront  in  small  saddle  between  front 
and  Ship  Creek  Valley  (t5q)ical  area)  and  as 
scattered  remnants  farther  up  Ship  Creek 
Valley  and  in  Snowhawk  Valley. 

gml  Deposits  of  Glen  Alps  moraines  (Pleis¬ 


tocene) — Probably  well  compacted  and  oxi¬ 
dized.  Thickness  poorly  known,  probably  a 
few  to  several  meters.  Contacts  gradation¬ 
al.  Topography  includes  remnant  ridges 
and  patches  of  hummocky  ground;  slopes 
moderate  to  steep.  Occur  high  on  slopes  of 
North  Pork  Campbell  Creek  Valley  and  in 
mountain  pass  north  of  Ship  Creek. 

Ground-moraine  deposits.  These  are  formed 
mostly  beneath  glaciers;  they  are  generally  thinner 
and  found  in  landforms  commonly  more  subdued 
than  the  well-developed  ridges  and  hills  of  end-  and 
lateral-moraine  deposits.  Where  ground-moraine 
deposits  are  extensively  developed,  those  in  sever¬ 
al  distinctive  types  of  landform  are  mapped  sepa¬ 
rately.  They  occur  in  the  Anchorage  Lowland 
mainly  north  of  the  Elmendorf  Moraine;  south  of  it 
most  ground-moraine  deposits  are  concealed  by 
younger  deposits  or  modified  by  the  action  of  gla- 
cioestuarine  water,  or  both.  Occurrences  along  the 
Chugach  Mountain  Pront  and  within  mountain 
valleys  are  more  widely  scattered  and  restricted  in 
area. 

amg  Deposits  of  Alaskan  moraines  (Holo¬ 
cene) — Thickness  poorly  known,  probably 
several  meters.  Occur  only  in  a  few  moun¬ 
tain  valley  heads  in  southeastern  part  of 
map  area. 

amb  Deposits  that  thinly  mantle  bedrock — Simi¬ 
lar  to  other  ground-moraine  deposits  but 
may  be  only  a  few  meters  thick.  Bedrock 
may  be  present  at  surface  locally.  Single  oc¬ 
currence  in  valley  head  tributary  to  Snow¬ 
hawk  Valley. 

emg  Deposits  of  the  Elmendorf  Moraine  (late 
emgu  Pleistocene) — Thickness  several  to  about  12 
m,  except  only  a  few  meters  in  moimtain 
valleys.  May  include  older  ground- 
moraine  deposits  at  depth.  Contacts  gener¬ 
ally  well  defined  but  may  be  gradational 
with  other  ground-moraine  deposits.  Top¬ 
ography  generally  smooth  to  very  gently 
hummocky,  slopes  gentle  to  moderately 
gentle.  Widespread  north  of  the  Elmendorf 
(end)  Moraine  complex.  Single  occurrences 
in  largest  Wolverine  Valley  and  in  valley 
tributary  to  Snowhawk  Valley,  emgu  are 
deposits  modified  by  urbanization, 
emh  Deposits  with  high  relief — Thickness 
emhu  may  be  greater  than  in  other  ground- 
moraine  deposits,  perhaps  15  to  20  m.  Top¬ 
ography  more  boldly  hummocky  to  hilly 
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and  slopes  steeper.  Occur  in  association 
with  end-moraine  deposits  as  part  of 
Elmendorf  Moraine  complex,  but  not 
formed  in  fhe  well-developed  ridges  char¬ 
acteristic  of  fhose  deposifs.  emhu,  deposifs 
modified  by  urbanization  or  other  anthro¬ 
pogenic  activity. 

emd  Deposits  in  well-developed  drumlins — 

Thickness  may  be  as  much  as  15  to  20  m. 
Occur  in  elongate  hills  with  moderately 
steep  side  slopes  that  merge  laterally  into 
low-relief  terrain  of  ofher  deposifs,  com¬ 
monly  ofher  ground  moraine.  Besf  devel¬ 
oped  norfheast  and  southwesf  of  Eagle 
River  Elafs. 

emf  Deposits  in  fluted  terrain — Similar  to  other 
ground-moraine  deposits  but  formed  in 
hills  more  elongate  and  of  lower  relief  fhan 
drumlins  with  which  they  are  associated. 
Limited  to  a  few  occurrences  near  Lake 
Clunie. 

emk  Deposits  that  include  some  kame  depos- 

emku  its — May  include  gravel  and  sand  either  in 
extensive  areas  that  are  not  readily  distin¬ 
guishable  from  ground  moraine  or  locally 
in  areas  too  small  to  map  separately.  Occur 
mainly  north  and  south  of  Peters  Creek  in 
association  with  kame  fields  and  at  a  few 
localities  farther  southwest,  emku  are 
deposits  modified  by  urbanizafion  or  ofher 
anfhropogenic  activity. 

emm  Deposits  modified  by  glacial  lake  water — 
Similar  to  other  ground-moraine  deposits 
but  surface  of  deposifs  appears  to  have 
been  wirmowed  and  include  better-sorted 
silt,  sand,  and  gravel.  Single  occurrence 
along  Eagle  River  about  3  km  east  of  Glenn 
Highway. 

emb  Deposits  that  thinly  mantle  bedrock — Simi¬ 
lar  to  other  ground-moraine  deposits  but 
may  be  only  a  few  meters  thick.  Bedrock 
may  be  present  at  ground  surface  locally. 
Occur  locally  along  lower  part  of  and  adja¬ 
cent  to  Chugach  Mountain  Eront  and  at 
one  place  in  valley  tributary  to  Snowhawk 
Valley. 

dmg  Deposits  of  Dishno  Pond  moraines  (late 

dmgu  Pleistocene) — Thickness  probably  several 
to  10  m.  Contacts  generally  well  defined, 
may  be  gradational  with  colluvium.  Top¬ 
ography  smooth  to  gently  hummocky, 
slopes  gentle  to  moderate.  Occur  mainly 
near  Dishno  Pond  (typical  area),  in  Eagle 
River  Valley,  and  northward  along  the 


Chugach  Mountain  Eront.  dmgu  are  depos¬ 
its  modified  by  urbanization  or  other 
anthropogenic  activity. 

dmf  Deposits  in  fluted  terrain — Similar  to  other 
ground-moraine  deposits  but  occur  in  well- 
developed,  long,  relatively  narrow  ridges 
several  meters  high,  parallel  to  direction  of 
ice  flow,  and  separafed  by  channel-like  de¬ 
pressions.  Occur  only  in  Eagle  River  Valley 
just  east  of  Eagle  River  community, 
dmo  Deposits  overridden  by  later  (Elmendorf) 
glacier  ice — Probably  similar  fo  fluted 
ground-moraine  deposits  but  occur  in  very 
subdued  ridges.  Present  only  down-valley 
from  fluted  terrain. 

dmk  Deposits  that  include  some  kame  deposits — 
More  likely  to  include  gravel  and  sand  than 
other  ground-moraine  deposits.  Restricted 
to  a  few  localifies  near  Dishno  Pond, 
dmm  Deposits  modified  by  glacial  lake  water — 
Thickness  possibly  a  few  mefers  in  an  irreg¬ 
ularly  fhick  mantle  of  somewhat  better 
sorted,  more  gravelly  diamicton  that  forms 
a  lag  accumulation  seemingly  originated 
by  the  wirmowing  action  of  glacial  lake  wa¬ 
fer.  Probably  gradational  at  depth  mostly  to 
unmodified  glacial  diamicton.  Occur  af  a 
few  places  in  Eagle  River  Valley  along 
norfh  side  of  river  opposite  moufh  of  South 
Eork  Valley. 

dmb  Deposits  that  thinly  mantle  bedrock — Similar 
to  other  ground-moraine  deposits  but  only 
a  few  meters  thick.  Bedrock  may  be  present 
locally  at  groimd  surface.  Single  occurrence 
near  moufh  of  South  Eork  Valley, 
fmg  Deposits  of  Fort  Richardson  moraines  (late 
Pleistocene) — Thickness  probably  a  few  to 
several  meters.  Contacts  well  defined 
except  gradational  with  bedrock  and 
lateral-moraine  and  colluvial  deposits. 
Topography  generally  smooth,  slopes  mod¬ 
erate.  Occur  mainly  in  South  Eork  (Eagle 
River)  Valley  and  locally  downslope  from 
lateral  moraines  along  Chugach  Mountain 
Eront;  occur  also  in  Wolverine  Valleys  in 
southern  part  of  map  area, 
fmb  Deposits  that  thinly  mantle  bedrock — 
Thickness  probably  a  few  meters  or  less. 
Bedrock  outcrops  present  locally;  may 
include  some  admixed  rubble.  Occur  at  a 
few  scaftered  localifies  along  Chugach 
Mounfain  Eronf  and  in  upper  part  of  North 
Eork  Campbell  Creek  Valley, 
rmg  Deposits  of  Rabbit  Creek  moraines  (late 
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Pleistocene) — Thickness  probably  a  few 
meters.  Contacts  gradational  with  lateral- 
moraine  and  colluvial  deposits.  Topogra¬ 
phy  smooth,  slopes  gentle  to  moderate. 
Occur  extensively  in  valleys  of  Chester 
Creek  and  the  north  and  south  forks  of 
Campbell  Creek,  and  at  widely  scattered 
localities  along  the  Chugach  Mountain 
Front. 

rmb  Deposits  that  thinly  mantle  bedrock — 
Thickness  about  1  m  to  a  few  meters.  Bed¬ 
rock  outcrops  commonly  present;  include 
admixed  rubble.  Contacts  well  defined 
except  gradational  with  bedrock.  Topogra¬ 
phy  smooth,  slopes  gentle.  A  few  occur¬ 
rences  along  Chugach  Mountain  Front. 

Img  Deposits  of  Little  Rabbit  Creek  moraines 
(Pleistocene) — May  be  more  oxidized  than 
younger  deposits.  Thickness  probably 
only  a  few  meters.  Contacts  gradational. 
Topography  smooth,  slopes  gentle  to 
moderate.  Occur  in  Ship  Creek  Valley  and 
in  a  few  places  along  Chugach  Mountain 
Front  south  of  North  Fork  Campbell 
Creek. 

Imb  Deposits  that  thinly  mantle  bedrock — 

Thickness  may  be  about  1  m.  Some  bed¬ 
rock  outcrops  present;  include  admixed 
rubble.  Occur  at  several  places  along 
Chugach  Mountain  Front  southward  from 
the  north  side  of  Ship  Creek. 

smg  Deposits  of  Ski  Bowl  moraines  (Pleis¬ 
tocene) — Probably  more  oxidized  than 
younger  deposits.  Thickness  a  few  to  sev¬ 
eral  meters.  Contacts  gradational.  Topog¬ 
raphy  smooth,  slopes  moderate.  Occur  in 
broad  areas  where  mountain  valleys 
emerge  along  the  Chugach  Mountain 
Front,  at  scattered  localities  on  mountain 
ridges  (especially  south  of  Meadow 
Creek),  and  at  one  locality  in  Ship  Creek 
Valley. 

smb  Deposits  that  thinly  mantle  bedrock — 

Thickness  possibly  1  m  to  a  few  meters. 
Small  bedrock  outcrops  common;  admixed 
with  or  containing  mostly  rubble,  espe¬ 
cially  in  small  map-unit  areas.  Topogra¬ 
phy  smooth,  slopes  gentle  to  moderate. 
Occur  at  scattered  localities  along  Eagle 
River  Valley  and  south  of  there  near  the 
northwestern  ends  of  mountain  interfluve 
ridges,  especially  where  Ship  Creek  Valley 
emerges  at  the  Chugach  Mountain  Front. 

gmg  Deposits  of  Glen  Alps  moraines  (Pleis¬ 


tocene) — Probably  more  oxidized  than 
younger  deposits.  Thickness  probably  a  few 
meters.  Contacts  gradational.  Topography 
smooth,  slopes  gentle  to  moderate,  locally 
steeper.  Occur  in  Chester  Creek  Valley. 

gmb  Deposits  that  thinly  mantle  bedrock — The 
more  common  mode  of  occurrence  for  Glen 
Alps  deposits.  Thickness  quite  variable, 
probably  a  few  meters  or  less.  Bedrock  out¬ 
crops  common;  admixed  with  or  consisting 
mostly  of  rubble.  Topography  somewhat 
more  irregular  than  in  areas  of  other  groimd 
moraine,  slopes  locally  steep.  Occur  high  on 
slopes  of  Ship  Creek  Valley  and  on  moun¬ 
tain  interfluve  ridge  between  North  and 
South  Forks  of  Campbell  Creek. 

mmg  Deposits  of  Mount  Magnificent  moraines 
(Pleistocene) — Probably  more  oxidized  and 
compacted  than  older  deposits;  clayey 
matrix  common  locally.  Thickness  com¬ 
monly  a  few  meters,  perhaps  thicker  where 
more  extensive.  Contacts  fairly  well  defined 
to  gradational.  Topography  smooth  to 
slightly  irregular,  slopes  mainly  gentle. 
Occur  on  high-level  glacially  planed  bed¬ 
rock  surfaces  between  Little  Peters  and 
Meadow  Creeks  (typical  area)  and  at  a  few 
smaller  localities  on  interfluve  ridges  adja¬ 
cent  to  Ship  Creek  and  North  Fork  Camp¬ 
bell  Creek  Valleys. 

mmb  Deposits  that  include  mainly  bedrock  rub¬ 
ble — Thickness  probably  1  m  or  little  more; 
in  many  places  may  consist  only  of  widely 
scattered  erratics;  bedrock  outcrops  com¬ 
mon.  Contacts  gradational.  Topography 
fairly  smooth,  slopes  gentle,  somewhat 
steeper  near  contacts.  Occur  at  scattered  lo¬ 
calities  high  on  mountain  ridges  near  Carol, 
Ship,  and  North  Fork  Campbell  Creeks. 

omb  Older  deposits  that  include  mainly  bedrock 
rubble  (Pleistocene) — Thickness  less  than  1 
m;  in  many  places  consist  of  rubble  with 
widely  scattered  erratics;  bedrock  outcrops 
common.  Contacts  fairly  well  defined.  To¬ 
pography  smooth,  slopes  gentle  to  nearly 
flat.  Occur  high  on  interfluve  ridges  near 
South  Fork  Eagle  River  Valley  and  Snow- 
hawk  Valley,  near  McHugh  Peak,  and  on 
summit  of  Plattop  Mountain.  Altitudinally 
similar  to  deposits  on  summit  of  Mount 
Susitna  (west  side  of  Cook  Inlet  Basin). 

Kame  and  kame-terrace  deposits 

Kame  deposits  and  kame-terrace  deposits  are 
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both  glacioalluvial  in  origin  and  closely  associ¬ 
ated  with  glacier  ice.  Kame  deposits  are  formed 
by  rurming  water  within  a  glacier  during  the  ear¬ 
ly  stages  of  sfagnafion  when  large  amounfs  of 
glacier  ice  were  still  present.  They  occur  in  fields 
of  locally  prominenf  landforms  fhat  include 
irregular  hills  and  areas  of  sharply  hummocky 
terrain.  Kame  fields  are  especially  well  devel¬ 
oped  in  fhe  margins  of  fhe  Anchorage  Lowland 
down-valley  from  major  mounfain  valleys, 
where  copious  quantities  of  water  drained  from 
fhe  valleys  info  the  glacier.  Some  kames  of  espe¬ 
cially  high  relief  are  mapped  separately,  but  the 
significance  of  differences  in  relief  is  nof  evidenf. 
Eskers  (similarly  formed  deposifs  in  long,  com¬ 
monly  sinuous  ridges)  of  subsfantial  size  have 
not  been  recognized,  but  several  small  esker-like 
ridges  are  included  in  kame  deposits.  Kame- 
terrace  deposits  were  formed  by  rurming  wafer 
outside  the  margin  of  a  glacier  and  occur  in  long, 
narrow  landforms  that  have  smoothly  sloping 
surfaces  with  prominent  scarps  on  their  ice- 
proximal  (downslope)  sides  that  developed 
when  the  adjacent  glacier  melted. 

Kame  deposits  (late  Pleistocene).  These  are 
chiefly  pebble  and  cobble  gravel  and  sand,  mod¬ 
erately  to  well  bedded,  in  places  chaotically;  they 
are  generally  well  sorted;  they  include  some  silt, 
and,  especially  in  the  cores  of  hills,  diamicton; 
locally,  they  may  include  large  boulders.  They  are 
moderately  loose,  but  compact  in  the  cores  of 
some  hills.  Confacfs  are  generally  well  defined, 
merging  with  end-  and  lateral-moraine  deposits. 
Topography  is  sharply  hilly  to  hummocky,  with 
some  local  depressions;  slopes  are  moderate  to 
steep,  except  being  gentle  to  nearly  flat  in  minor 
channels,  on  depression  floors,  and  on  some  hill¬ 
tops. 

ek  Deposits  of  the  Elmendorf  Moraine — In 
eku  landforms  of  moderate  to  low  relief. 
Thickness  several  fo  a  few  tens  of  meters. 
Widely  distributed  within  areas  of  ground 
moraine,  eku  are  deposifs  modified  by 
urbanizafion. 

ekh  Deposits  that  exhibit  high  relief — In  land- 
ekhu  forms  of  broader  shape  fhan  most  kames, 
and  locally  with  steeper  side  slopes.  Thick¬ 
ness  possibly  several  tens  of  mefers;  local¬ 
ly  may  include  larger  cores  of  diamicton 
fhan  smaller  kames.  Associated  mainly 
with  end-moraine  deposits,  ekhu  are 
deposits  modified  by  urbanizafion. 
ekg  Deposits  near  Gwenn  Lake — In  landforms 


of  fairly  high  relief.  Thickness  possibly  a 
few  tens  of  meters.  Formed  by  ancestral 
Eagle  River  as  part  of  a  glacioalluvial  frain 
fhat  extended  from  glacial  Lake  Eagle  (in 
Eagle  River  Valley),  fhrough  Fossil  Creek 
channel,  and  info  the  Otter-Sixmile  chan¬ 
nel;  in  this  sector  the  stream  entered  the 
margin  of  the  glacier  and  deposits  were 
emplaced  beneath  it. 

ekl  Deposits  of  low  relief — Occur  in  fairly 
broad  areas  wifh  moderately  irregular  top¬ 
ography  that  lie  at  intermediate  levels 
between  higher-lying  kames  and  channels 
cut  below  them;  may  be  pitted  outwash 
deposits.  Thickness  perhaps  only  a  few 
meters.  Occur  mainly  southwest,  locally 
northeast,  of  Peters  Creek  Valley  in  areas 
of  kames  and  ground  moraine.  May  grade 
to  some  deposits  mapped  farther  south¬ 
west  as  kame-channel  deposits, 
ekh  Deposits  that  thinly  mantle  older  bedrock — 

Similar  to  other  kame  deposits  but  may  be 
only  a  few  meters  thick;  bedrock  may  be 
exposed  locally  Occur  only  near  Upper 
and  Lower  Fire  Lakes. 

ekby  Deposits  that  thinly  mantle  younger  bed¬ 
rock — Similar  to  other  kame  deposits  but 
may  be  only  1  m  to  a  few  mefers  fhick;  bed¬ 
rock  exposed  locally;  some  apparent  bed¬ 
rock  that  includes  thin  coal  beds  instead 
may  be  detached  blocks  of  rock  fhat  were 
shoved  by  glacier  ice.  Occur  only  near  and 
north  of  Eagle  River  community, 
dk  Deposits  of  Dishno  Pond  moraines — In 
dku  landforms  of  moderately  high  relief.  Thick¬ 
ness  several  fo  a  few  tens  of  meters.  Occur 
principally  in  prominent  kame  field  soufh 
of  Ship  Creek,  locally  farfher  norfheasf. 
dku  are  deposifs  modified  by  urbanization 
or  other  anthropogenic  activity, 
dkh  Deposits  that  exhibit  high  relief — Probably 
fhicker  fhan  other  kame  deposits,  and 
topography  more  bold.  Occur  mainly  in 
kame  field  south  of  Ship  Creek;  single 
occurrence  easf  of  Eagle  River  community, 
dkh  Deposits  that  thinly  mantle  older  bed¬ 
rock — Thickness  may  be  only  a  few  mefers; 
bedrock  may  be  exposed  locally.  A  few 
occurrences  along  base  of  Chugach  Moun¬ 
tain  Front  southwest  of  Eagle  River, 
fk  Deposits  of  Fort  Richardson  moraines — 
fku  Thickness  probably  a  few  fo  a  few  tens  of 
meters.  Occur  mainly  in  a  prominent  kame 
field  fhat  dominates  the  Hillside  area 
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downslope  from  lateral  moraines  and  that 
extends  southwestward  along  the  Chu- 
gach  Mountain  Front  from  north  of  Ches¬ 
ter  Creek,  fku  are  deposits  modified  by 
urbanization. 

fkh  Deposits  that  exhibit  high  relief — Probably 

thicker  than  other  kame  deposits.  Contacts 
gradational  with  them.  Occur  locally  within 
prominent  kame  field  in  Hillside  area, 
mainly  south  of  North  Fork  Campbell 
Creek. 

rk  Deposits  of  Rabbit  Creek  moraines — 
Thickness  probably  several  meters.  Occur 
near  Carol  Creek. 

Kame-terrace  deposits  (late  Pleistocene).  These  are 
chiefly  pebble  and  cobble  gravel  and  sand,  mod¬ 
erately  to  well  bedded  and  sorted;  locally,  they 
may  include  boulders.  They  are  moderately 
loose,  with  contacts  being  generally  well  defined. 
Topography  is  smooth,  with  slopes  being  gentle 
except  in  the  steep  scarp  at  the  edges  of  the  terraces. 

ekt  Deposits  of  the  Elmendorf  Moraine — 

Thickness  may  be  a  few  to  as  much  as  sev¬ 
eral  tens  of  meters.  Occur  near  Little  Peters 
Creek  where  the  valley  intersects  the 
Chugach  Mountain  Front, 
ektr  Roosevelt  Road  deposits — Younger  depos- 
ektru  its  that  occur  in  three  levels  as  part  of  gla- 
cioalluvial  train  formed  when  ancestral 
Eagle  River  extended  from  glacial  Lake 
Eagle  (in  Eagle  River  Valley),  through  Eos- 
sil  Creek  channel,  and  into  Otter-Sixmile 
channel.  Equivalent  to  deposits  in  some 
terrace  levels  in  Eossil  Creek  channel; 
highest  level  deposits  possibly  equivalent 
to  low-level  Tuomi  Lake  deposits,  ektru  are 
deposits  modified  by  urbanization  or 
other  anthropogenic  activity, 
ektt  Tuomi  Lake  deposits — Occur  in  two  lev¬ 
els  that  were  part  of  same  glacioalluvial 
train  as  Roosevelt  Road  deposits.  Occur 
only  south  of  Sixmile  Lake, 
dkt  Deposits  of  Dishno  Pond  moraines — Thick- 

dktu  ness  probably  a  few  to  several  meters. 
Occur  in  two  levels  north  of  Ship  Creek. 
dktu  are  deposits  modified  by  urban¬ 
ization. 

fkt  Deposits  of  Fort  Richardson  moraines — 

Thickness  probably  a  few  to  several  meters. 
Occur  in  Hillside  area  in  a  single  dissected 
terrace  near  North  Eork  Campbell  Creek. 


Other  glacioalluvial  and  related  alluvial  deposits 

These  are  dominantly  gravel  and  sand,  subdi¬ 
vided  into  1)  kame-channel,  2)  meltwater-chan¬ 
nel,  3)  outwash-train,  and  4)  alluvial  deposits. 
The  first  three  categories  constitute  glacioalluvial 
deposits  that  formed  in  areas  outside  of  glaciers 
or  recently  abandoned  by  them.  Alluvial  deposits 
formed  farther  away  from  glaciers  and  after  they 
had  a  direct  influence  on  deposition.  Streams  in 
which  they  formed  commonly  led  to  deltas  west 
of  the  map  area  that  were  marginal  to  ancestral 
Cook  Inlet.  These  deposits  are  listed  together 
because  they  follow  one  another  sequentially  or 
grade  from  one  to  another  to  form  nearly  a  con¬ 
tinuum  both  in  space  and  time.  The  glacioalluvial 
deposits  are  named  from  the  associated  glacial 
deposits,  whereas  the  alluvial  deposits  are  named 
separately. 

Kame-channel  deposits  (late  Pleistocene).  These 
are  chiefly  pebble  and  cobble  gravel  and  sand. 
Locally,  they  may  include  some  finer  materials, 
and  may  include  pitted  outwash  or  meltwater- 
channel  deposits,  or  both.  Thickness  is  probably 
at  least  a  few  meters.  Contacts  are  well  defined. 
Topography  is  slightly  hummocky  in  broad, 
channel-like  landforms  of  generally  low  relief 
that  commonly  lie  at  levels  intermediate  between 
kame  and  ground-moraine  deposits  of  higher 
relief  and  lower-lying  meltwater  channels  with 
gently  sloping  smooth  surfaces;  slopes  are  typi¬ 
cally  gentle  but  locally  are  steeper  where  hum¬ 
mocks  are  well  developed. 

eke  Deposits  of  the  Elmendorf  Moraine — 
Occur  extensively  northeast  of  the  Eagle 
River  Elats.  May  grade  into  deposits 
mapped  as  ekl  farther  northeast, 
dkc  Deposits  of  Dishno  Pond  moraines — Occur 
locally  in  kame  field  southwest  of  Ship 
Creek. 

fkc  Deposits  of  Fort  Richardson  moraines — A 
few  occurrences  in  the  Hillside  area  near 
South  Fork  Campbell  Creek. 

Meltwater-channel  deposits.  These  are  chiefly 
gravel  and  sand,  well  bedded  and  sorted;  at  the 
surface  they  may  include  some  finer-grained 
material  with  thin  organic  accumulations.  Thick¬ 
ness  is  probably  1  m  to  a  few  meters  except  as 
noted.  In  places,  charmel  deposits  may  be  very 
thin  or  absent  and  ground-moraine  deposits  or 
bedrock  may  lie  at  shallow  depth  or  floor  the 
channel.  Peat  deposits  may  be  present  locally, 
especially  in  smaller  charmels.  Contacts  are  well 
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defined.  Topography  is  smooth  and  slopes  are 
gentle. 

ec  Deposits  of  the  Elmendorf  Moraine  (late 
Pleistocene) — Occur  in  narrow  channels 
along  the  Chugach  Mountain  Front  and  in 
broader  channels  commonly  well  incised 
below  the  level  of  ground  moraine  on  the 
Anchorage  Lowland.  Generally  older  than 
deposits  mapped  separately  in  the  follow¬ 
ing  units,  but  in  northern  part  of  map  area 
includes  some  younger  deposits  as  well, 
ecc  Clunie  Creek  glacioalluvial  deposits — 
eccu  Thickness  may  be  a  few  tens  of  meters, 
more  commonly  about  10  m;  probably 
thinner  in  narrower  channels.  Occur  main¬ 
ly  in  major  charmels  cut  well  below,  and 
thus  younger  than,  channel  deposits 
mapped  as  ec;  best  developed  near  Lake 
Clunie  and  in  the  valley  of  Clunie  Creek, 
the  t5^ical  locality,  where  deposits  occur 
at  three  levels.  May  grade  northeast,  how¬ 
ever,  into  channel  deposits  mapped  as  ec. 
Formed  when  the  glacier  had  retreated 
substantially  northeast,  eccu  are  deposits 
modified  by  urbanization, 
ecs  Sixmile  Lake  alluvial  deposits — Occur  in 
three  levels  near  Sixmile  Lake,  the  t5^ical 
locality.  Formed  when  ancestral  Eagle 
River  last  occupied  the  Otter-Sixmile 
channel;  may  be  equivalent  in  part  to 
youngest  Fossil  Creek  or  oldest  Clunie 
Creek  deposits. 

ecf  Fossil  Creek  glacioalluvial  deposits — Occur 
ecfu  in  a  series  of  well-formed  terrace  levels 
within  the  prominent,  single  channel  of 
Fossil  Creek  (the  typical  locality)  that  is  cut 
as  much  as  50  m  lower  than  the  surface  of 
the  Elmendorf  Moraine  as  well  as  the  adja¬ 
cent  Mountain  View  alluvial  fan.  Graded 
to  various  levels  of  Gwerm  Lake  kame  and 
Roosevelt  Road  kame-terrace  deposits; 
formed  when  ancestral  Eagle  River  was 
first  able  to  cut  through  the  Elmendorf 
Moraine  rather  than  having  to  flow  more 
southwestwardly  around  it.  ecfu  are 
deposits  modified  by  urbanization, 
dc  Deposits  of  Dishno  Pond  moraines  (late 
dcu  Pleistocene) — Occur  in  narrow  channels 

extending  along  the  Chugach  Mountain 
Eront  from  the  vicinity  of  Meadow  Creek 
in  the  northeast  and  descending  south- 
westward  to  near  Chester  Creek  on  the 
Anchorage  Lowland;  occur  locally  on  the 


flanks  of  Eagle  River  Valley,  dcu  are  depos¬ 
its  modified  by  urbanization. 

dcm  Deposits  overridden  by  glacier  ice — May 
be  relatively  thin  or  include  mainly  diamic- 
ton,  or  both.  Merge  laterally  with  moraine 
deposits  that  have  been  overridden  by  gla¬ 
cier  ice  (map  unit  dmo)  Occur  only  east  of 
Eagle  River  community. 

del  Lower-level  deposits — Occur  in  a  few 
places  near  Chester  Creek  and  along 
Glenn  Highway  north  of  Ship  Creek;  far¬ 
ther  northeast  not  differentiated  from  map 
unit  dc. 

fc  Deposits  of  Fort  Richardson  moraines  (late 
Pleistocene) — Occur  in  numerous  narrow 
charmels  mainly  extending  from  near  Car¬ 
ol  Creek  southwestward  along  Chugach 
Mountain  Front  into  Hillside  area;  found 
locally  in  a  valley  tributary  to  South  Fork 
Campbell  Creek. 

fcl  Lower-level  deposits — Occur  mainly 
between  Chester  Creek  and  South  Fork 
Campbell  Creek  at  altitudes  substantially 
lower  than  those  of  other  charmel  depos¬ 
its;  may  grade  to  Klatt  Road  deposits. 

rc  Deposits  of  Rabbit  Creek  moraines  (late 
Pleistocene) — Occur  mainly  in  relatively 
short,  narrow  channels  near  the  upper 
boundary  of  the  Hillside  area  south  of 
South  Fork  Campbell  Creek;  found  also 
along  the  Chugach  Mountain  Front  in 
widely  scattered  localities  from  Carol 
Creek  to  south  of  Ship  Creek. 

Ic  Deposits  of  Little  Rabbit  Creek  moraines 
(Pleistocene) — May  be  somewhat  more  ox¬ 
idized  than  younger  channel  deposits. 
Occur  in  isolated  localities  along  Chugach 
Mountain  Front  near  Ship  Creek  Valley 
and  south  of  Chester  Creek. 

sc  Deposits  of  Ski  Bowl  moraines  (Pleisto¬ 
cene) — Probably  more  oxidized  than 
younger  charmel  deposits.  Occur  in  sever¬ 
al  isolated  places  on  mountain  interfluve 
ridges. 

gc  Deposits  of  Glen  Alps  moraines  (Pleisto¬ 
cene) — Probably  more  oxidized  than 
younger  charmel  deposits.  Occur  at  a  few 
localities  high  on  mountain  interfluve 
ridges  north  of  Chester  Creek  Valley  and 
near  North  Fork  Campbell  Creek  Valley. 

me  Deposits  of  Mount  Magnificent  moraines 
(Pleistocene) — More  oxidized  than  young¬ 
er  channel  deposits.  May  include  much 
bedrock  rubble.  Occur  in  the  t5q)ical  area 
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north  of  Meadow  Creek  and  on  a  few 
prominenf  topographic  saddles  high  on 
mounfain  inferfluve  ridges  in  soufhern 
parf  of  map  area. 

oc  Older  deposits  (Pleistocene) — Gravel  and 
sand  of  fhese  deposifs  may  be  less  well 
sorted,  thinner,  and  probably  more  oxi¬ 
dized  than  other  channel  deposits;  may 
include  much  bedrock  rubble  and  small 
bedrock  outcrops.  Tentatively  identified  af 
a  few  places  on  high  ridges  near  Mounf 
Gordon  Lyon  and  near  benchmark  Rusfy. 

Outwash-train  deposits.  These  are  chiefly  peb¬ 
ble  and  cobble  gravel  and  sand,  well  bedded  and 
well  sorfed,  fhaf  accumulafed  mainly  ouf  in  fronf 
of  fhe  Elmendorf  Moraine  and  downsfream  from 
valley  glaciers  in  mounfain  valleys.  They  are  now 
found  mainly  in  terraces  and  charmels.  Confacfs 
are  well  defined.  Topography  is  smooth  and 
slopes  are  gentle,  except  where  they  become 
steep  at  terrace  edges. 

eo  Deposits  related  to  Elmendorf  moraines 
eou  (late  Pleistocene) — Thickness  several  to  a 
few  tens  of  mefers  in  fan-like  remnanfs 
fhaf  extend  south  from  fronf  of  fhe  Elmen¬ 
dorf  Moraine  complex  and  fhaf  probably 
were  once  more  extensive.  Some  deposifs 
appear  fo  emerge  from  wifhin  moraine 
complex,  probably  reflecting  fluctuations 
of  fhe  glacier  fronf.  Small  occurrences  in 
largesf  Wolverine  and  Chester  Creek  Val¬ 
leys  likely  fo  be  only  a  few  mefers  fhick. 
eou  are  deposifs  modified  by  urbanizafion 
or  ofher  anfhropogenic  activity, 
ch  Cheney  Lake  deposits — Thickness  at  least 

chu  10  m.  Occur  as  remnants  in  charmel  now 
occupied  by  Cheney  Lake,  where  principal 
deposit  largely  removed  by  excavation, 
and  as  a  few  terrace  remnants  nearby.  Pos¬ 
sibly  an  extension  of  oufwash  from  Elmen¬ 
dorf  Moraine  (map  unif  eo).  chu  are  depos¬ 
ifs  modified  by  urbanizafion. 
ps  Patterson  Street  deposits — Thickness  may 
psu  be  as  much  as  10  m.  Occur  in  charmel  rem¬ 
nants  that  extend  discontinuously  from 
Glenn  Highway  soufh  of  Ship  Creek  to 
North  Pork  Campbell  Creek.  Probably 
outwash  from  Elmendorf  Moraine  (dis- 
confinuously  fraceable  fo  map  unif  eo).  psu 
are  deposifs  modified  by  urbanizafion. 
eoy  Deposits  of  the  younger  phase  of  the 
eoyu  Elmendorf  Moraine — Probably  fhinner 


fhan  main-phase  deposifs  and  af  lower 
level.  Possibly  coeval  wifh  Mounfain  View 
alluvial-fan  deposits  with  which  they 
appear  to  merge.  Occur  only  near  west 
edge  of  map  area,  eoyu  are  deposifs  modi¬ 
fied  by  urbanizafion  or  other  anthropo¬ 
genic  activity. 

ecb  Bluff  Road  deposits — Thickness  probably 
only  a  few  meters,  but  underlain  by  Moun¬ 
tain  View  deposits  from  which  fhey  may 
nof  be  distinguished  readily.  Occur  as  fill¬ 
ing  of  shallow  channel  fhaf  emanated  from 
younger  phase  of  fhe  Elmendorf  Moraine 
and  fhaf  was  incised  across  Mounfain 
View  alluvial-fan  deposifs.  Underlie  part 
of  runways  and  housing  area  on  Elmen¬ 
dorf  Air  Porce  Base. 

do  Deposits  related  to  Dishno  Pond  moraines 
(late  Pleistocene) — Thickness  probably  a 
few  mefers.  Occur  in  low  terraces  in  Ship 
Creek  and  Chester  Creek  Valleys, 
fo  Deposits  related  to  Port  Richardson  mor¬ 
aines  (late  Pleistocene) — Thickness  at  least 
a  few  mefers  in  Ship  Creek  and  Snowhawk 
Valleys  where  fhey  form  major  terrace  and 
may  grade  to  (but  are  no  longer  in  contact 
with)  glacial  lake  delta  deposits,  map  unit 
fgd.  Probably  thirmer  in  Chester  Creek  Val¬ 
ley  and  other  small  valleys  to  the  south, 
ro  Deposits  related  to  Rabbit  Creek  moraines 
(late  Pleistocene) — Thickness  probably  a 
few  to  several  meters  in  Ship  Creek  Valley 
adjacent  to  major  end  moraines;  probably 
thinner  in  Wolverine  Valleys, 
lo  Deposits  related  to  Little  Rabbit  Creek 
moraines  (Pleistocene) — May  be  some¬ 
what  more  oxidized  than  younger  out¬ 
wash-train  deposits.  Thickness  probably  1 
m  to  a  few  mefers.  Mapped  af  two  places 
in  largesf  Wolverine  Valley;  in  smaller 
Wolverine  Valleys  included  wifh  kame-fan 
deposifs  info  which  fhey  grade,  map  unif 
Ikf. 

Alluvial  deposits  of  Eagle  River  source  (late  Pleis¬ 
tocene).  These  are  dominanfly  gravel  and  sand, 
well  bedded  and  well  sorfed,  fhaf  occur  af  several 
levels  buf  are  found  mainly  in  a  major  channel 
and  a  large  alluvial  fan.  They  formed  when  water 
of  glacial  Lake  Eagle  (in  Eagle  River  Valley), 
dammed  by  fhe  Elmendorf  glacier,  broke  ouf  and 
flowed  southwesfward  around  fhe  ice  as  an 
ancesfral  Eagle  River,  truncafing  oufwash  depos¬ 
ifs  fhaf  emanafed  direcfly  from  fhe  glacier.  Such  a 
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breakout  process  probably  occurred  repeatedly, 
resulting  in  a  complex  of  deposits.  Although 
commonly  referred  to  as  "Naptowne  outwash," 
these  deposits  are  not  outwash  in  the  strict  sense. 
Contacts  are  well  defined.  Topography  is  smooth, 
with  slopes  being  gentle  to  very  gentle. 

mvf  Mountain  View  alluvial-fan  deposits — 

mvfu  Chiefly  cobble  gravel  near  apex  of  fan; 
grade  soufhwestward  to  finer  grained 
gravel  and  sand;  mainly  sand  af  disfal  end 
west  of  map  area.  Thickness  10  m  or  more. 
Occur  in  broad,  low-gradient  alluvial  fan 
fhat  heads  af  south  edge  of  fhe  broad  Eagle 
River  Valley  where  it  emerges  from  fhe 
Chugach  Mounfains  and  fhat  extends 
southwestward  to  downtown  Anchorage. 
Named  from  communify  of  Mountain 
View  at  west  edge  of  map  area.  Complex 
nature  of  fan  indicafed  by  presence  of  sev¬ 
eral  levels  near  head  of  fan  separated  by 
small  scarps,  although  these  levels  have 
not  been  correlated  directly  with  two 
higher-level  remnants  mapped  farther 
down  the  fan,  mainly  south  of  Ship  Creek. 
In  thaf  vicinity  the  fan  has  been  dissected 
by  ancestral  Ship  Creek  and  subsequent 
deposition  has  partly  filled  some  of  fhe 
resulting  charmels.  mvfu  are  deposits  mod¬ 
ified  by  urbanizafion  or  ofher  anfhropo- 
genic  acfivity. 

mvi  Deposits  at  intermediate  level — Occur  in  a 
remnant  slightly  higher  than  main  part  of 
fan;  exfend  soufhwestward  from  soufh  of 
Ship  Creek  to  south  of  Glenn  Highway, 
mvh  Deposits  at  highest  level — Occur  in  rem- 
mvhu  nants  substantially  higher  than  main  fan; 
exfend  discontinuously  from  norfh  of  Ship 
Creek  to  Middle  Fork  Chester  Creek,  mvhu 
are  deposits  modified  by  urbanization, 
nc  Nunaka  Valley  channel  deposits — Thick- 
ncu  ness  at  least  10  m.  Occupy  major  charmel 
that  lies  at  higher  altitude  than,  and  to  the 
southeast  of,  Mounfain  View  fan.  Extend 
from  Ship  Creek  to  South  Fork  Chester 
Creek.  Probably  represent  earlier  episode 
of  drainage  from  glacial  Lake  Eagle;  alter¬ 
natively,  could  be  derived  largely  from 
Ship  Creek,  ncu  are  deposifs  modified  by 
urbanizafion. 

ncc  Checkmate  boulder-rich  deposits — Occur 
nccu  in  smaller  charmel  that  branches  off  major 
channel  and  lies  soufheasf  of  if  and  that  is 
now  occupied  by  underfit  South  Fork 


Chester  Creek.  Erosion  in  this  charmel  was 
less  deep  than  in  major  charmel  and  was 
not  followed  by  significanf  deposition  of 
gravel  and  sand.  Instead,  deposits  are 
finer-grained  or  more  poorly  sorted  and 
numerous  boulders  are  present  on  ground 
surface.  May  represenf  lag  concentrate 
from  erosion  of  earlier  glacioesfuarine  or 
moraine  deposifs,  or  bofh,  or  may  have 
formed  as  debris  flow  developed  during 
rapid  erosion  of  fhose  deposifs.  Peat  depos¬ 
its  may  have  accumulated  at  surface  in 
places,  but  most  of  fhese  have  been 
removed  during  urbanizafion.  nccu  are 
deposifs  furfher  modified  by  urbaniza¬ 
tion. 

Alluvial  deposits  of  local  mountain-valley  source. 
These  are  chiefly  gravel  and  sand,  well  bedded 
and  well  sorted.  Contacts  are  well  defined  excepf 
as  noted.  They  occur  mainly  in  large  alluvial  fans, 
in  terrace  remnants  at  higher  levels,  and  in  chan¬ 
nels  that  are  cut  below  the  level  of  fans  or  extend 
from  them.  They  formed  both  before  and  after  the 
incursion  of  fhe  Eagle  River;  some  high-level 
deposifs  probably  correlate  with  outwash  from 
Elmendorf  glacier. 

The  Ship  Creek  deposits  are  subdivided  into 
deposits  at  six  levels:  three  cut  below  level  of 
Mountain  View  fan  in  two  different  channels,  one 
at  about  fan  level,  and  two  at  levels  higher  than 
that  of  fhe  Mounfain  View  fan  farfher  up  Ship 
Creek  near  fhe  Chugach  Mounfain  Front.  Thick¬ 
ness  is  probably  several  to  10  m. 

scl  Lower-level  deposits  (Holocene) — Extend 
sclu  along  present  course  of  Ship  Creek  from 
Chugach  Mountain  Front  nearly  to  its 
mouth,  mainly  in  extensive  low  terrace 
that  gradually  becomes  higher  to  the  west. 
sclu  are  deposits  modified  by  urbaniza¬ 
tion. 

see  Chester  Creek  deposits  (early  Holocene? 
sccu  and  late  Pleistocene) — Occur  in  channel 
developed  by  ancestral  Ship  Creek  when  it 
flowed  southwestward  from  its  present 
northernmost  reach  and  formed  charmel 
now  occupied  by  lower  course  of  Chester 
Creek,  sccu  are  deposits  modified  by  ur¬ 
banizafion. 

sch  Chester  Creek  deposits  at  higher  level 
schu  (late  Pleistocene) — Occur  mainly  in  broad 
schp  charmel  cut  slightly  below  level  of  Moun- 
schpu  fain  View  fan  when  ancestral  Ship  Creek 
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first  flowed  southwestward  through  valley 
now  occupied  by  lower  course  of  Chester 
Creek;  there,  deposits  now  found  in  terrace 
remnants,  schu  are  deposits  modified  by 
urbanization,  schp  are  deposits  overlain  by 
peat  about  1  m  thick  of  mainly  Holocene 
age;  schpu  are  areas  that  have  been  drained 
and  most  peat  removed  during  urbaniza¬ 
tion. 

set  Alluvial-fan  deposits  (late  Pleistocene) — 
scfu  Thickness  may  be  more  than  10  m.  Occur  in 
prominent  fan  that  extends  along  Ship 
Creek  from  Chugach  Mountain  Front  to 
Glenn  Highway.  Fan  appears  graded  to 
various  levels  of  Nunaka  Valley  and  Moun¬ 
tain  View  deposits,  scfu  are  deposits  exca¬ 
vated  in  conjunction  with  regional  urban¬ 
ization. 

set  Terrace  deposits  (late  Pleistocene) — Occur 
sctu  near  head  of  Ship  Creek  alluvial  fan  in  rem¬ 
nants  of  small,  higher-level  alluvial  fan,  or 
of  fan-delta  graded  to  level  of  glacioestua- 
rine  water  in  which  Muldoon  Road  depos¬ 
its  accumulated,  sctu  are  deposits  excavat¬ 
ed  in  conjunction  with  regional  urbaniza¬ 
tion. 

seth  Highest-level  deposits  (late  Pleistocene) — 
Occur  near  head  of  Ship  Creek  alluvial  fan 
in  remnants  of  probable  fan-delta  graded  to 
level  of  glacioestuarine  water  in  which 
Abbott  Road  deposits  accumulated. 

Deposits  of  North  Fork  Campbell  Creek  (late  Pleis¬ 
tocene).  These  are  subdivided  into  deposits  at  three 
levels.  Thickness  is  probably  a  few  meters,  except 
as  noted. 

nfl  Lower-level  deposits — Occur  in  channels 
on  both  sides  of  main  alluvial  fan  of  North 
Fork  Campbell  Creek  that  were  not  neces¬ 
sarily  occupied  contemporaneously, 
nf  Main  alluvial-fan  deposits — Thickness 
probably  several  to  10  m.  Occur  in  promi¬ 
nent  fans  along  North  Fork  Campbell  and 
Chester  Creeks  where  they  have  descended 
from  Hillside  area;  mapped  also  in  low  ter¬ 
race  remnants  farther  up  North  Fork 
Campbell  Creek  Valley. 

nfh  Higher-level  deposits — Occur  mainly  in 
nfhf  higher  part  of  alluvial  fan  of  Chester  Creek; 
also  in  single  high-terrace  remnant  along 
North  Fork  Campbell  Creek,  nfhf  are  proba¬ 
bly  sand  and  silt  with  peat  at  surface;  occur 
in  single  charmel  north  of  Chester  Creek. 


Deposits  of  South  Fork  Campbell  Creek.  These  are 
subdivided  into  deposits  at  five  levels.  Thickness 
is  probably  several  meters,  except  as  noted. 

sfs  Southern  lower-level  deposits  (Holocene? 
sfsu  and  late  Pleistocene) — Occur  in  channel 
that  carried  South  Fork  water  at  one  or 
more  times  after  deposition  of  main  fan. 
Channel  now  contains  underfit  North 
Fork  Little  Campbell  Creek,  developed 
from  underflow  of  South  Fork  Campbell 
Creek,  which  currently  flows  only  about  1 
m  below  the  level  of  this  charmel.  There  is 
danger  that  at  times  of  high  water  it  could 
reoccupy  this  charmel,  perhaps  on  a  long¬ 
term  basis,  and  thereby  flood  at  least  some 
part  of  the  charmel  area,  sfsu  are  deposits 
modified  by  urbanization, 
sfn  Northern  lower-level  deposits  (late  Pleis- 
sfnu  tocene) — Occupy  channel  and  smaller 
alluvial  fan  that  could  have  carried  some 
South  Fork  and  probably  all  North  Fork 
Campbell  Creek  waters  northward  into  a 
combined  ancestral  Ship  Creek  and  Eagle 
River,  sfnu  are  deposits  modified  by 
urbanization. 

sf  Deposits  of  main  alluvial  fan  (late  Pleis¬ 
tocene) — Thickness  probably  10  m  or  more. 
Occupy  prominent  alluvial  fan  lying  mainly 
on  south  side  of  South  Fork;  extend  up- 
valley  from  apex  of  fan  as  low-level  terrace 
deposits. 

sft  Terrace  deposits  (late  Pleistocene) — Occur 
only  in  scattered  terrace  remnants  at  inter¬ 
mediate  levels  in  upper  South  Fork  Valley, 
sfth  Highest-level  deposits  (late  Pleistocene) — 
Occur  only  in  scattered  terrace  remnants 
at  high  levels  in  upper  South  Fork  Valley. 

Alluvial  deposits  of  the  lower  Hillside  area  (late 
Pleistocene).  These  are  the  deposits  of  two  princi¬ 
pal  southwest-trending  charmel  and  terrace  sys¬ 
tems  that  lead  to  deltas  (west  of  the  map  area) 
that  formed  marginal  to  ancestral  Cook  Inlet. 
Thickness  is  probably  a  few  to  several  meters. 
Contacts  are  well  defined.  Topography  is  smooth, 
with  slopes  being  gentle  to  very  gentle. 

sh  Spring  Hill  deposits — Occupy  channel  sys- 

shu  tern  that  extends  from  near  apex  of  main 
alluvial  fan  of  South  Fork  Campbell  Creek 
and  that  splits  into  a  more  deeply  incised 
charmel  to  the  southwest  and  a  shallower 
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channel  to  the  northwest.  Also  occur  in 
valley  of  South  Fork  Campbell  Creek  in 
intermediate-level  terrace;  remnants  higher 
than  deposits  of  main  alluvial  fan  and  low¬ 
er  than  deposits  of  main  terrace,  shu  are 
deposits  modified  by  urbanizafion. 

The  Klatt  Road  deposits  are  subdivided  into 
deposits  at  the  following  fhree  levels. 

kcl  Lower-level  deposits — Occur  mainly  in 
kclu  terraces  at  levels  higher  than  Spring  Hill 
deposits  and  in  charmels  graded  thereto; 
mapped  also  in  a  charmel  that  probably 
carried  water  from  North  Fork  Campbell 
Creek  toward  the  southwest,  kclu  are 
deposits  modified  by  urbanizafion. 
kc  Main-level  deposits — Occupy  major  chan¬ 
nel  system  extending  southwestward 
from  Soufh  Fork  Campbell  Creek, 
kch  Higher-level  deposits — Occur  in  terrace 
kchu  remnants  at  levels  higher  than  the  main 
channel  and  in  shallow  charmels  graded  to 
those  levels,  kchu  are  deposits  modified  by 
urbanizafion. 

Glaciolacustrine,  lacustrine,  and  related  deposits 
These  deposifs  are  subdivided  info  five  t5^es 
fhaf  accumulated  in  bodies  of  water  ranging  from 
large  lakes  to  small  ponds.  Some  were  closely 
associated  with  glaciers,  whereas  others  formed 
affer  refreat  of  the  glaciers:  1)  Kame-fan  deposits 
are  transitional  in  origin  between  glacioalluvial 
and  glaciolacustrine  deposits.  Like  kame-terrace 
deposits,  they  were  deposited  along  the  margin  of 
a  glacier,  but  their  (commonly)  small  source  val¬ 
leys  were  generally  perpendicular  to  and  blocked 
by  the  glacier.  In  part  the  blockage  may  have  re¬ 
sulted  in  small  ice-dammed  lakes,  but  many  de¬ 
posits  seem  to  have  more  the  character  of  deltas 
or  alluvial  fans.  This  implies  fhaf  lakes,  if  any, 
were  shorf-lived,  and  thaf  drainage  probably  was 
able  to  enter  the  glacier  and  form  fhe  extensive 
kame  fields  associated  with  lateral  moraines.  2) 
Glaciolacustrine  deposits  accumulated  when 
more  permanent  lakes  did  form  in  commonly 
large  valleys  blocked  by  fhe  glacier.  The  principal 
lakes  thus  formed  in  this  map  area,  their  names 
derived  from  fhe  valleys  in  which  fhey  were 
located,  are  glacial  Lake  Eagle  (Schmoll  et  al.,  in 
press)  and  glacial  Lake  Ship,  named  here.  3)  Del¬ 
taic  deposits  formed  locally  where  sfreams 
entered  such  lakes.  4)  Some  deposits  formed  in 
lakes  when  glaciers  were  no  longer  presenf  in 


major  valleys  but  where  moraines  or  landslides 
blocked  the  valley.  5)  Ponds  formed  in  many  un¬ 
drained  depressions  on  the  uneven  surface  of 
moraines  or  areas  formerly  occupied  by  glacio- 
estuarine  water.  As  the  ponds  filled,  mainly  wifh 
organic  maferial,  they  became  bogs  that  no  longer 
contained  open  water  and  are  now  sites  of  fhick 
peat  accumulation. 

Kame-fan  deposits.  These  are  chiefly  gravel  and 
sand,  well  to  poorly  bedded  and  sorted,  and  may 
include  beds  of  fine  sand,  silf,  clay,  and  diamicton. 
Thickness  is  probably  several  fo  a  few  fens  of 
meters.  Contacts  are  fairly  well  defined,  except 
where  they  are  commonly  gradational  with  collu¬ 
vium.  Topography  is  generally  smooth,  with 
slopes  being  moderately  gentle  to  moderate,  and 
locally  steep  at  ice-proximal  margins. 

ekf  Deposits  related  to  the  Elmendorf  Moraine 
(late  Pleistocene) — Occur  at  a  few  localifies 
along  fhe  Chugach  Mounfain  Fronf  near 
Carol  Creek. 

dkf  Deposits  related  to  Dishno  Pond  moraines 
dkfu  (late  Pleistocene) — Occur  commonly  at  two 
levels  along  Chugach  Mountain  Front  near 
Ship  Creek  and  north  of  Eagle  River  Valley, 
and  locally  along  south  side  of  fhat  valley 
near  mouth  of  Soufh  Eork  Valley,  dkfu  are 
deposifs  modified  by  urbanizafion. 
fkf  Deposits  related  to  Fort  Richardson 
moraines  (late  Pleistocene) — Occur  near 
mouths  of  all  but  the  largest  mountain  val¬ 
leys  along  Chugach  Mountain  Eront  from 
Liffle  Peters  Creek  southwestward  to  South 
Eork  Campbell  Creek,  and  at  a  few  places 
along  fhe  sides  of  valleys  of  Liffle  Pefers 
Creek,  Eagle  River,  and  ifs  Soufh  Eork. 
rkf  Deposits  related  to  Rabbit  Creek  moraines 
(late  Pleistocene) — Occur  locally  in  valleys 
of  Eagle  River  and  Soufh  Eork  Campbell 
Creek. 

Ikf  Deposits  related  to  Little  Rabbit  Creek  mor¬ 
aines  (Pleistocene) — May  be  somewhat 
more  oxidized  than  younger  deposits. 
Occur  prominently  in  Ship  Creek  and 
Snowhawk  Valleys,  and  in  the  two  more 
northerly  Wolverine  Valleys  where  they 
extend  up-valley  to  include  outwash  depos¬ 
its;  also  foimd  locally  in  Chester  Creek  Valley, 
skf  Deposits  related  to  Ski  Bowl  moraines 
(Pleistocene) — Probably  more  oxidized 
than  younger  deposits.  Occur  prominently 
in  Ship  Creek  and  nearby  Snowhawk  Val¬ 
leys  (the  typical  area)  and  locally  near 
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Mount  Gordon  Lyon  and  in  northernmost 
Wolverine  Valley. 

gkf  Deposits  related  to  Glen  Alps  moraines 
(Pleistocene) — More  oxidized  than  young¬ 
er  deposits.  Single  occurrence  in  northern¬ 
most  Wolverine  Valley. 

Glacial-lake  delta  deposits  (late  Pleistocene).  These 
are  chiefly  gravel  and  sand,  generally  well  bed¬ 
ded  and  sorted;  they  may  include  thin  beds  of,  or 
be  underlain  by,  finer-grained  glaciolacustrine 
deposifs.  Thickness  is  probably  10  m  or  less.  Con- 
facfs  are  generally  well  defined,  buf  gradafional 
fo  glacioalluvial  deposifs  up-valley.  Topography 
is  generally  smoofh,  wifh  slopes  being  genfle,  ex¬ 
cept  for  moderate  to  steep  slopes  at  small  scarps 
on  the  down-valley  sides. 

egd  Deposits  related  to  the  Elmendorf  mo¬ 
raine — Occur  in  Eagle  River  Valley  in 
prominent  landform  at  mouth  of  South 
Fork  and  farther  downstream  on  both 
sides  of  Eagle  River. 

dgd  Deposits  related  to  Dishno  Pond 
moraines — Occur  in  valley  of  South  Fork 
Eagle  River  and  near  mouth  of  Snowhawk 
Valley. 

fgd  Deposits  related  to  Fort  Richardson  mo¬ 
raines — Occur  as  part  of  major  ferrace  in 
Ship  Creek  Valley  and  where  tribufaries 
entered  glacial  Lake  Ship, 
rgd  Deposits  related  to  Rabbit  Creek  mo¬ 
raines — Occur  along  the  sides  of  Ship 
Creek  Valley  where  fribufaries  entered 
glacial  Lake  Ship. 

Glaciolacustrine  deposits.  These  are  interbedded 
clay,  silt,  and  sand;  they  may  include  some  gravel 
and  diamicton  in  varying  proportions;  they  are 
well  to  somewhat  poorly  sorted.  Contacts  are  rel¬ 
atively  well  defined.  Topography  is  generally 
smooth,  and  slopes  gentle,  except  for  being  very 
steep  at  valle5rward  margins.  These  deposits  are 
moderately  stable  except  near  the  contact  with 
valley-wall  colluvium,  where  they  are  susceptible 
to  stream  erosion,  earthflowage,  or  other  land¬ 
slide  processes. 

egl  Deposits  related  to  the  Elmendorf  Moraine 
(late  Pleistocene) — Mainly  deposits  of  gla¬ 
cial  Lake  Eagle.  Thickness  5  fo  10  m;  may 
be  much  fhicker  beneafh  alluvial  and  peaf 
deposifs  fhat  form  the  floor  of  fhe  inner 
Eagle  River  Valley,  but  mapped  only  mar¬ 
ginal  thereto. 


dgl  Deposits  related  to  Dishno  Pond  moraines 
(late  Pleistocene) — Thickness  probably 
about  10  m.  Occur  1)  in  valley  of  South  Fork 
Eagle  River  (laid  down  in  an  arm  of  glacial 
Lake  Eagle)  and  2)  along  soufh  side  of  Ship 
Creek  Valley  near  Chugach  Mounfain  Front 
(laid  down  in  a  low  level  of  glacial  Lake 
Ship). 

fgl  Deposits  related  to  Fort  Richardson 
moraines  (late  Pleistocene) — Thickness  10 
m  or  more.  Best  developed  and  probably 
thickest  in  valley  of  Ship  Creek  where  laid 
down  in  intermediate  levels  of  glacial  Lake 
Ship;  distinguished  from  Rabbif  Creek 
deposifs  only  on  alfitudinal  basis.  Occur 
also  in  valleys  of  Meadow  and  North  Fork 
Campbell  Creeks  near  Chugach  Mountain 
Front. 

rgl  Deposits  related  to  Rabbit  Creek  moraines 
(late  Pleistocene) — Thickness  10  m  or  more 
in  Ship  Creek  Valley  where  laid  down  in 
high  levels  of  glacial  Lake  Ship;  distin¬ 
guished  from  Fort  Richardson  deposits 
only  on  altitudinal  basis.  Probably  less  than 
10  m  thick  in  valley  of  Meadow  Creek, 
sgl  Deposits  related  to  Ski  Bowl  moraines 
(Pleistocene) — May  be  more  oxidized  than 
younger  deposits.  Thickness  probably  a 
few  to  several  meters.  Occur  only  in  high- 
level  tundra  flat  north  of  Ship  Creek  near 
area  of  typical  Ski  Bowl  deposits. 

Lacustrine  and  related  deltaic  deposits.  The  con¬ 
tacts  of  fhese  are  generally  well  defined.  The  sur¬ 
face  is  smoofh  fo  slightly  irregular;  general  slope  is 
less  than  1%. 

1yd  Young  deltaic  deposits  in  Eagle  River  Valley 
(Holocene  and  late  Pleistocene) — Chiefly 
gravel  and  sand;  may  include  some  beds  of 
silf.  Thickness  may  be  as  much  as  10  m. 
Occur  only  in  Eagle  River  Valley  near 
mouth  of  Soufh  Fork. 

ly  Young  lacustrine  deposits  in  Eagle  River 
Valley  (Holocene  and  late  Pleistocene) — 
Chiefly  interbedded  silt  and  clay,  blue- 
gray;  include  some  beds  of  fine  sand  and 
fine  fephra.  Thickness  probably  10  m  or 
less,  base  of  unif  not  exposed.  Occur  only  at 
low  levels  of  inner  Eagle  River  Valley,  laid 
down  in  a  late  stage  of  glacial  Lake  Eagle  or 
in  a  subsequent  lake  blocked  by  moraine  or 
landslide  deposits;  may  underlie  alluvium 
on  valley  floor. 
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pf  Deposits  in  Fire  Creek  Valley  (Holocene) — 

Deposits  not  exposed;  genesis  and  charac¬ 
ter  mainly  inferential.  Probably  silt,  clay, 
and  fine  sand;  may  include  thin  tephra 
beds  and  peat  near  surface.  Deposits  alter¬ 
natively  could  be  either  1)  estuarine,  formed 
in  a  narrow  inlet  of  Knik  Arm,  or  2)  mainly 
fine-grained  alluvium  of  Fire  Creek.  Thick¬ 
ness  probably  several  to  a  few  tens  of 
meters.  Contacts  gradational  to  fine-grained 
alluvium  of  present  Fire  Creek.  Poorly 
drained. 

p  Pond  and  bog  deposits  (Holocene  and 
pu  late  Pleistocene) — Chiefly  peat  (mosses, 
ppfu  sedges,  and  other  organic  material  in  vari¬ 
ous  stages  of  decomposition);  include  silt, 
organic-rich  silt,  minor  woody  horizons, 
and  a  few  thin  interbeds  of  mainly  ash¬ 
sized  tephra.  At  depth  also  may  include 
clay,  marl,  or  fine  to  medium  sand.  Accu¬ 
mulated  mainly  in  former  small  lakes  or  in 
former  stream  channels  that  are  now  bogs. 
Soft  and  moist.  Thickness  commonly  as 
much  as  4  m,  locally  as  much  as  10  m;  adja¬ 
cent  mapped  deposits  extend  beneath 
these  deposits.  Contacts  well  defined,  but 
deposits  may  grade  laterally  to  the  similar 
but  much  thinner  mantle  that  overlies 
adjacent  deposits.  Surface  smooth;  slopes 
less  than  1%.  Poorly  drained.  Widespread 
occurrences  within  Elmendorf  Moraine 
and  on  the  floor  of  Eagle  River  Valley; 
common  locally  in  areas  of  lateral  mo¬ 
raines  and  associated  channels.  Scattered 
occurrences  elsewhere  in  Anchorage  Low¬ 
land;  most  peat  there,  however,  probably 
did  not  begin  accumulating  in  ponds,  and  is 
mapped  with  underlying  alluvial  deposits 
in  map  units  schp,  evp,  and  wsp.  pu  is  peat 
partially  or  totally  removed  during  urban¬ 
ization;  ppfu  is  an  area  that  probably  con¬ 
tained  permafrost. 

Glaciolacustrine  or  glacioestuarine  deposits 
(late  Pleistocene) 

These  deposits  accumulated  either  1)  in  lakes 
marginal  to  glacier  ice  or  in  narrow  valleys  mar¬ 
ginal  to  former  glaciers  when  the  valleys  were 
blocked  by  moraine  remnants  or  alluvial  fans  of 
mountain-origin  streams,  2)  in  the  margins  of 
glacioestuarine  waters  as  they  rose,  following 
withdrawal  of  glacier  ice,  or  3)  in  a  high-level, 
basin-wide  glacial  lake  of  the  t5^e  envisioned  by 
Karlstrom  (1964). 


ev  Early  View  deposits — Dominantly  silt  and 
evpf  silty  clay,  locally  may  include  fine  sand, 
evu  Thickness  probably  a  few  to  several 
meters.  If  glacioestuarine,  equivalent  to 
part  of  Bootlegger  Cove  Eormation.  Con¬ 
tacts  generally  well  defined.  Topography 
smooth,  slopes  nearly  flat.  Occur  in  broad, 
channel-like  area  now  occupied  by  a 
north-flowing  reach  of  South  Eork  Chester 
Creek,  commonly  downslope  from  adja¬ 
cent  Muldoon  Road  deposits,  evpf  is  an 
area  containing  permafrost;  evu  are  depos¬ 
its  modified  by  urbanization, 
evp  Deposits  with  peat  at  surface — Peat  about  1 
m  thick  in  a  few  central  areas  that  are  appar¬ 
ently  less  well  drained  than  surrounding 
areas. 

eve  Coarse-grained  deposits — Probably  con- 
eveu  tain  higher  proportion  of  sand  (and  per¬ 
haps  some  gravel)  than  remainder  of  de¬ 
posits  to  which  they  are  mainly  marginal. 
Also  mapped  south  of  North  Fork  Little 
Campbell  Creek  where  finer-grained 
deposits  are  lacking  and  identity  is  based 
mainly  on  geomorphic  relationship  to 
adjacent,  higher-lying  Muldoon  Road 
deposits;  here,  less  likely  to  be  of  lacus¬ 
trine  origin,  eveu  are  deposits  modified  by 
urbanization. 

hr  Birch  Road  deposits — Fine  sand  and  silt, 
finely  bedded  and  well  sorted,  especially 
where  typically  developed  south  of  map 
area;  here  may  be  coarser-grained  or  more 
poorly  sorted,  or  both,  and  may  include 
sand,  gravel,  and  diamicton,  especially 
near  map  unit  fk.  Topography  fairly 
smooth  to  slightly  hummocky,  slopes  gen¬ 
tle.  Occur  principally  in  narrow  belt  that 
widens  southwestward  from  South  Fork 
Chester  Creek  and  that  lies  between  about 
140  and  200  m  in  altitude.  Possibly  depos¬ 
ited  in  a  local  glacier-dammed  lake  or  in  a 
basin-wide  glacial  lake. 

Glacioestuarine  deposits  or  moraine  and 
kame  deposits  modified  in  a  glacioestuarine 
environment  (late  Pleistocene) 

These  occur  in  relatively  prominent  hills  in 
Anchorage  Lowland  south  of  Elmendorf  Mo¬ 
raine.  Formed  either  as  ground  moraine  and  as¬ 
sociated  kames  and  subsequently  modified  by 
wave  and  tide  action  in  a  glacioestuarine  envi¬ 
ronment,  or  by  redeposition  of  glacial  deposits 
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that  formed  near  the  glacier-glacioestuary 
boundary  and  that  slumped  subaqueously.  Most 
likely  some  combination  of  fhese  processes  was 
involved  in  producing  the  deposits,  but  the  rela¬ 
tive  importance  of  each  is  uncertain  and  might 
have  varied  both  within  the  same  deposit  and 
among  the  deposits  included  here, 
rj  Russian  Jack  deposits — Mainly  diamicton; 

rju  especially  at  depth  may  be  ground  mor¬ 
aine  equivalent  to  Dishno  Pond,  Fort  Rich¬ 
ardson,  or  older  lateral  moraines;  nearer 
surface  includes  some  inferbedded  silt, 
fine  sand,  and  sand  and  gravel  bofh  in 
well  defined  beds  and  as  obscurely  bed¬ 
ded,  disconfinuous  horizons.  Thickness  as 
much  as  25  m.  Confacfs  fairly  well  defined 
but  may  be  gradational  with  Muldoon 
Road  deposits  in  many  places.  Occur  in 
well-defined  hills  of  smoofh  topography 
with  gently  to  moderately  gently  sloping 
tops  and  moderately  to  steeply  sloping 
sides.  Although  some  hills  appear  drum- 
linoid  in  form,  ofhers  owe  fheir  presenf 
configuration  to  erosion  that  produced 
adjacent  channels.  Widespread  between 
Ship  Creek  and  North  Fork  Little  Camp¬ 
bell  Creek,  rju  are  deposits  modified  by 
urbanizafion. 

Modified  kame  deposits.  These  are  mainly  gravel 
and  sand,  well  to  moderately  poorly  bedded  and 
sorted;  they  include  some  interbedded  fine  sand 
and  silf.  Diamicton  may  be  dominant  in  the  cores 
of  hills  and  also  may  occur  af  the  surface  of  fhe 
hills.  Confacfs  are  well  defined.  Topography  is 
commonly  sharply  hilly,  wifh  slopes  being  gener¬ 
ally  moderate  to  steep. 

dkm  Deposits  related  to  Dishno  Pond  mo¬ 
raines — Occur  near  South  Fork  Chester 
Creek  at  southwestern  end  of  Dishno 
Pond  kame  field  where  if  was  encroached 
upon  by  glacioestuarine  water;  hills  more 
subdued  than  those  in  unmodified  part  of 
kame  field. 

fkm  Deposits  related  to  Fort  Richardson  mo¬ 
raines — Extend  discontinuously  from  Soufh 
Fork  Chesfer  Creek  fo  south  of  Soufh  Fork 
Campbell  Creek  where  lowest-lying  hills 
of  Fort  Richardson  kame  field  are  more 
subdued  than  but  identifiable  separately 
from  hills  composed  of  glacioestuarine 
deposits. 


bp  Boniface  Parkway  deposits — Extend  dis- 
bpu  continuously  from  soufh  of  Ship  Creek  fo 
Soufh  Fork  Campbell  Creek.  Associated 
with  Russian  Jack  deposits  and  may  repre¬ 
sent  more  gravelly  phase  of  fhose  deposifs 
or  perhaps  are  remnanfs  of  a  once  continu¬ 
ous  esker  system  originally  part  of  Dishno 
Pond  moraine  complex.  Occur  also  near 
Norfh  Fork  Campbell  Creek  in  small  hills 
that  may  be  modified  kames  and  fhus  sim¬ 
ilar  to  deposits  mapped  as  fkm.  bpu  are  de¬ 
posits  modified  by  urbanization, 
or  O'Malley  Road  deposits — Mainly  in  iso¬ 
lated  hills  that  could  represent  either  more 
gravelly  phase  of  glacioestuarine  deposits 
or  partly  buried  kames  that  were  initially 
part  of  Fort  Richardson  or  Rabbit  Creek 
moraine  complexes.  Occur  only  near  and 
south  of  Norfh  Fork  Litfle  Campbell 
Creek. 

Estuarine  and  glacioestuarine  deposits 

These  are  esfuarine  deposits  formed  in 
presenf-day  Cook  Inlef  and  ifs  major  arms,  Knik 
Arm  and  Turnagain  Arm,  or  in  similar  bodies  of 
water  of  fhe  recenf  pasf  wifh  similar  configura¬ 
tion  and  fide  characteristics.  Glacioestuarine  de¬ 
posits  accumulated  in  an  ancestral  Cook  Inlet 
that  probably  differed  from  the  present-day  inlet 
in  configuration,  in  level  with  respect  to  the 
present  land  surface,  and  in  ifs  associafion  wifh 
glacier  ice.  Over  time,  however,  the  ancestral  inlet 
evolved  to  that  of  fhe  present  day  with  generally 
gradual  changes  in  level  and  configuration. 

Modern  estuarine  deposits  (latest  Holocene). 
These  are  deposits  that  are  at  least  partly  still  in 
the  transport  mode  in  that  they  are  or  have  been 
until  very  recently  reworked  by  the  modem  estu¬ 
ary.  They  have  been  mapped  around  the  margins 
of  Knik  Arm.  Intertidal  deposits  are  chiefly  silf 
and  fine  sand;  they  are  somewhat  coarser  near 
levees  of  major  fide  channels.  They  are  well  bed¬ 
ded  and  sorted,  being  loose  and  water  saturated. 
Thickness  is  less  than  1  m  to  a  few  meters,  proba¬ 
bly  underlain  by  several  meters  of  older  intertidal 
deposits.  Contacts  may  vary  in  location  with  each 
tide  as  well  as  from  season  to  season  and  year  to 
year.  The  surface  is  generally  smoofh,  buf  incised 
1  m  fo  a  few  meters  by  numerous  charmels  that 
may  have  steep  margins.  Slopes  are  otherwise 
nearly  flat  to  gentle,  commonly  less  than  1%. 
These  deposits  are  best  developed  where  adja¬ 
cent  land  is  not  bounded  by  bluffs. 


to  contents 


il  Deposits  of  the  lower  intertidal  zone — In 
some  places  include  driftwood  and  gravel 
in  a  shoreward-most  part  of  deposit  where 
they  form  discontinuous  storm  beach. 
Reworked  twice  daily  when  covered  by  wa¬ 
ter  at  high  tides;  exposed  a  low  tides. 
Deposits  extend  into  area  mapped  as  water 
where  they  are  exposed  at  low  tides.  Upper 
boundary  may  be  a  few  meters  above  mean 
high  water. 

iu  Deposits  of  the  upper  intertidal  zone — 

Locally  more  sandy  and  gravelly  than 
lower-zone  deposits,  especially  in  upper¬ 
most  parts  of  zone,  which  are  covered  by 
water  only  at  times  of  exceptionally  high 
tides  coupled  with  major  storms.  Contain 
some  driftwood  and  fine  gravel  as  well  as 
finer  organic  and  windblown  material.  Sur¬ 
face  marked  by  standing  water  in  some  ar¬ 
eas  where  drainage  is  very  poor, 
ib  Beach  deposits — Chiefly  sand  with  some 
gravel,  well  bedded  and  sorted;  locally 
driftwood  laden  near  base  of  bluffs.  Encom¬ 
pass  the  lower  and  upper  intertidal  zones 
along  base  of  bluffs  in  northern  part  of  map 
area;  elsewhere  not  shown  separately  from 
map  unit  s  but  shown  on  Figure  A3.  Near 
shoreward  end  of  Eagle  River  Flats,  form 
belt  between  upper  and  lower  intertidal 
zones. 

Older  estuarine  deposits  (Holocene).  These  are 
only  rarely  flooded  by  present  day  high  tides. 
They  are  more  firm  than  modern  estuarine  depos¬ 
its.  Contacts  are  well  defined,  except  indefinite  in 
the  part  adjacent  to  younger  deposits.  Topography 
is  smooth,  locally  incised  by  channels  of  small 
streams;  slopes  are  nearly  flat. 

io  Intertidal  deposits — Chiefly  silt,  fine  sandy 
silt,  and  fine  sand,  well  bedded  and  sorted; 
may  include  some  thin  beds  of  peat,  drift¬ 
wood,  and  other  organic  material,  and 
windblown  material.  Thickness  commonly 
several  meters  to  possibly  a  few  tens  of 
meters.  Occur  extensively  in  Eagle  River 
Flats  and  locally  near  mouth  of  Fire  Creek, 
ibo  Beach  deposits — Chiefly  sand  with  some 
gravel.  Thickness  probably  a  few  meters. 
Occur  locally  marginal  to  south  side  of 
Eagle  River  Flats. 

Glacioestuarine  deposits  (late  Pleistocene).  These 
accumulated  in  a  variety  of  environments  in 
ancestral  Cook  Inlet.  Several  different  water  levels 


are  inferred  from  deposits  at  recognizably  differ¬ 
ent,  somewhat  terrace-like  levels;  however,  no 
shorelines  have  been  recognized  definitively.  The 
land/ water  interface  probably  fluctuated  repeat¬ 
edly  as  glacier  fronts  withdrew  and  then  read¬ 
vanced  and  as  world-wide  sea  level  fluctuated, 
and  also  as  the  land  surface  responded  to  regional 
glacioisostatic  and  tectonic  effects.  Inlet  water 
was  at  least  partly  in  contact  with  glacier  ice,  as 
reflected  in  both  the  volume  and  the  variety  of 
material  types,  especially  in  their  relative  coarse¬ 
ness  and  poor  sorting.  These  deposits  consist  of 
varying  combinations  of  interbedded  diamicton, 
stony  silt,  fine  sand,  silt,  clayey  silt,  and  silty  clay, 
with  coarser  sand  and  gravel  present  locally. 
Contacts  are  generally  well  defined;  contacts 
between  adjacent  glacioestuarine  deposits  are 
located  only  approximately,  but  deposits  are 
probably  not  in  gradational  contact.  Topography 
is  commonly  smooth  but  marked  locally  by  small 
subdued  hills  or  minor  surface  irregularities; 
slopes  are  very  gentle  to  moderate 

be  Bootlegger  Cove  Formation — (Bootlegger 
bcu  Cove  Clay  of  Miller  and  Dobrovolny 
[1959];  redesignated  as  Formation  in 
Updike  et  al.  [1982]).  Silty  clay  and  clayey 
silt  with  minor  interbedded  silt,  fine  sand, 
fine  to  medium  sand,  and  thin  beds  of 
diamicton,  and  with  scattered  pebbles  and 
cobbles  in  widely  varying  concentrations. 
Brackish-marine  microfossils  are  present 
throughout  much  of  the  formation 
(Schmidt  1963,  Smith  1964);  mollusk  shells 
in  one  horizon  have  an  uncalibrated  radio¬ 
carbon  age  of  about  14,000  years  (Schmoll 
et  al.  1972).  Thickness  as  much  as  35  m 
(Updike  et  al.  1988),  quite  variable  because 
of  irregular  lower  and  upper  contacts 
(Trainer  and  Waller  1965).  Principal 
deposit  of  ancestral  Cook  Inlet  during  and 
immediately  following  withdrawal  of  gla¬ 
cier  ice.  Occurs  widely  in  subsurface 
underlying  deposits  mapped  at  the  sur¬ 
face  from  north  of  the  Elmendorf  Moraine 
south  to  bluffs  near  Tumagain  Arm.  Sensi¬ 
tive  zones  within  formation  responsible 
for  catastrophic  landsliding  along  bluffs 
west  of  map  area  during  large-magnitude 
earthquakes  such  as  that  of  1964  (Hansen 
1965).  Present  knowledge  of  distribution 
and  age  of  formation  well  summarized  by 
Reger  et  al.  (1995).  Shown  mainly  within 
map  unit  s  (Fig.  4).  bcu  is  a  concealed 
occurrence  at  Glenn  Highway-Boniface 
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Parkway  interchange  that  was  exposed 
along  Glenn  Highway  during  construc¬ 
tion. 

ws  Winchester  Street  deposits — Chiefly  medi- 
wsu  um  to  fine  sand  wifh  some  inferbedded 
silf.  Thickness  probably  a  few  fo  several 
mefers.  May  represenf  marginal  facies  of 
esfuary  fhaf  had  less  confacf  wifh  glacier 
ice  fhan  older  and  higher-level  esfuaries 
represenfed  by  Muldoon  Road  and  Abboff 
Road  deposifs.  Occur  mainly  befween 
Chesfer  Creek  and  Norfh  Fork  Liffle 
Campbell  Creek  near  wesf  edge  of  map 
area,  wsu  are  deposifs  modified  by  urban- 
izafion. 

wsc  Coarse-grained  deposits — Dominantly 
wscu  sand  and  gravel.  A  few  ferrace-like  occur¬ 
rences  mainly  adjacenf  fo  hills  of  Muldoon 
Road  and  Russian  Jack  deposifs.  wscu  are 
deposifs  modified  by  urbanizafion. 
wsp  Deposits  with  peat  at  surface — May 
wspu  include  finer-grained  maferial  fhan  else¬ 
where  wifhin  fhese  deposifs.  Peaf  com¬ 
monly  more  fhan  1  m  fhick.  Booflegger 
Cove  Formafion  may  be  presenf  af  shallow 
depfh.  wspu  is  peaf  removed  during 
urbanizafion;  permafrosf  subsequenfly 
reporfed. 

mr  Muldoon  Road  deposits — Chiefly  fine  sand 

mru  and  silf;  locally  include  inferbedded  diam- 
icfon  or  may  consisf  mainly  of  crudely 
bedded  fine-sandy  diamicfon.  Thickness 
probably  several  mefers.  Inf erp refed  as  re¬ 
working  of  ground  moraine  as  inlef  wafer 
encroached  upon  areas  abandoned  by  gla¬ 
cier  ice.  Widespread  befween  Ship  Creek 
and  Soufh  Fork  Liffle  Campbell  Creek, 
commonly  lower  fhan  abouf  110  m  in  alfi- 
fude  in  lower  ferrain  surrounding  hills  of 
Russian  Jack  deposifs  info  which  fhey  may 
grade  or  onfo  which  fhey  may  lap.  mru  are 
deposifs  modified  by  urbanizafion. 
ar  Abbott  Road  deposits — Chiefly  diamicfon, 

aru  crudely  bedded  fo  massive,  wifh  some 
inferbedded  silf  and  fine  sand;  coarser 
sand  and  gravel  may  be  presenf  locally.  In 
belf  abouf  1  fo  2  km  wide  along  Abboff 
Road,  confain  high  proporfion  of  rubble  in 
near-surface  exposures,  possibly  fhe  resulf 
of  a  landslide  emplaced  eifher  on  glacier 
ice  or  direcfly  in  esfuarine  wafer  shorfly 
affer  ice  wifhdrew.  Thickness  several  fo 
abouf  10  m.  Alfernafely  may  represenf 
ground  moraine  only  somewhaf  modified 


by  encroaching  esfuarine  wafer  as  ice 
melfed  and  ice  fronf  receded.  Exfend  in  a 
relafively  narrow  belf  from  Norfh  Fork 
Campbell  Creek  fo  soufh  edge  of  map  area 
af  an  alfifude  befween  abouf  110  and  140 
m,  jusf  downslope  from  Birch  Road  depos¬ 
ifs.  aru  are  deposifs  modified  by  urbaniza¬ 
fion. 

Alluvial  deposits 

These  are  subdivided  info  deposifs  formed  by 
sf reams  1)  along  fheir  normal  courses  and  found 
af  or  near  sfream  level,  as  well  as  in  ferraces  well 
above  sfream  level,  and  2)  in  alluvial  fans  af  one 
or  more  levels. 

Alluvium  along  streams.  These  deposifs  are 
chiefly  gravel  and  sand  formed  in  presenf-day 
sfreams,  ancesfral  sfreams,  and  some  older 
sfreams  no  longer  presenf  fhaf  lack  any  direcf 
associafion  wifh  glaciers;  fhey  include  some  fine¬ 
grained  deposifs.  Generally,  fhey  are  well  bedded 
and  sorfed,  wifh  clasfs  commonly  rounded  fo 
well  rounded.  Thickness  is  variable,  probably  a 
few  fo  several  mefers;  if  may  be  10  m  or  more  in 
large  valleys  and  in  large  alluvial  fans.  Confacf s 
are  well  defined.  Topography  is  smoofh,  wifh 
slopes  being  nearly  flaf  fo  very  genfle,  and 
sfeeper  on  alluvial-fan  deposifs.  Sfeep  scarps  1  m 
fo  several  mefers  high  separafe  deposifs  af  differ- 
enf  levels  befween  adjacenf  map  unifs  and  locally 
wifhin  map  unifs. 

aa  Alluvium  in  active  floodplains  (latest 
Holocene) — Gravel  and  sand  transported 
intermittently  and  deposited  temporarily 
in  bars  that  commonly  change  their  posi¬ 
tion  along  braided  and  single  channels. 
Vegetation  cover  generally  absent  or  just 
begirming  to  develop  in  areas  that  have 
not  been  affected  directly  by  the  stream  for 
a  few  years.  Area  subjecf  fo  confinuing 
erosion  and  flooding;  in  places  sfream 
may  encroach  upon  areas  adjacenf  fo  area 
of  map  unif.  Mapped  mainly  along  Eagle 
River  and  locally  along  Ship  Creek, 
al  Alluvial  deposits  along  modern  streams 
alu  and  in  lowest  terraces  (Holocene) — Chiefly 

gravel  and  sand  excepf  in  fhe  Eagle  River 
Valley  up-valley  from  Soufh  Fork  conflu¬ 
ence  where  sand  is  more  common  and 
overlies  lacusfrine  silf  and  clay  af  depfhs 
of  abouf  7  m.  Generally  less  fhan  a  few 
mefers  above  sfream  level.  Include  some 
maferial  of  acfive  floodplains  sfill  parfly  in 
fransporf  mode  in  areas  too  small  fo  map 


to  contents 


separately.  Mapped  mainly  along  major 
streams;  occur  also  along  small  streams  in 
areas  too  narrow  to  map  separately  alu  are 
deposits  modified  by  urbanization, 
alf  Fine-grained  deposits  along  some  minor 
alfu  streams — Chiefly  silt  and  fine  sand;  may 
include  some  peaf  deposifs  near  surface. 
Occur  mainly  along  parfs  of  Mink  and  Fire 
Creeks  and  fhe  Offer-Sixmile  channel,  and 
locally  where  small  low-gradienf  sfreams 
cross  low-lying  areas,  alfu  are  deposifs 
modified  by  urbanization, 
af  Older  alluvial  deposits  in  terraces  (Holo¬ 
cene) — Chiefly  gravel  and  sand,  commonly 
several  mefers  above  sfream  level.  Occur 
locally  along  Clunie  Creek  and  Eagle  River, 
afh  Deposits  in  higher  terraces  (Holocene  and 
late  Pleistocene) — Still  older  alluvium 
occurring  in  local  remnants  about  10  m 
above  Meadow  Creek  and  at  least  5  m 
above  the  lower  reaches  of  Eagle  River, 
alo  Older  alluvial  deposits  in  channels  (Holo¬ 
cene  and  late  Pleistocene) — Chiefly  gravel 
and  sand  in  channels  abandoned  by 
sfream  fhaf  formed  fhem  and  fhaf  are  now 
occupied,  if  af  all,  by  underfif  sfreams. 
Thickness  probably  only  1  m  fo  a  few 
mefers.  Mapped  only  in  a  few  places  along 
fribufaries  fo  Ship  Creek  and  in  fhe  Hill¬ 
side  area  between  North  and  South  Eorks 
of  Campbell  Creek. 

Alluvial-fan  deposits.  These  formed  near  fhe 
moufhs  of  large  sfreams  and  where  small  fribu- 
fary  sfreams  enfer  larger  sfreams  fhaf  have  lower 
gradienfs.  They  are  graded  fo  or  jusf  above  mod¬ 
ern  sfream  levels.  Slopes  are  moderafely  genfle  fo 
moderate,  steeper  near  the  heads  of  fans. 

af  Coarse-grained  deposits  (Holocene) — 
afu  Chiefly  gravel  and  sand;  domrnanfly  gravel 
in  large  fan  near  moufh  of  Refers  Creek 
and  possibly  in  large  fan  near  moufh  of 
Climie  Creek  and  where  Eagle  River  enters 
Eagle  River  Elats;  in  moderate  to  small  fans 
common  in  many  valleys  may  be  some- 
whaf  less  well  sorted  than  other  alluvium, 
and  locally  include  silt  and  diamicton  beds 
resulting  from  minor  mudflows,  afu  are 
deposifs  modified  by  urbanizafion. 
aff  Fine-grained  deposits  (Holocene) — Chiefly 
fine  sand  and  silf;  locally  may  include 
coarser  sand  and  some  gravel.  Occur  mar¬ 
ginal  fo  inferfidal  deposifs,  in  and  adjacenf 


fo  low-lying,  nearly  flaf  channels,  and  in  a 
few  ofher  localities  where  minor  sfreams 
cross  areas  of  subsfanfially  lower  slope 
fhan  areas  jusf  upsfream. 
afo  Older  alluvial-fan  deposits,  undivided 
afou  (Holocene  and  late  Pleistocene) — Gravel 
and  sand,  possibly  admixed  with  some 
finer-grained  maferial  and  fhin  diamicfon 
beds.  Deposifs  t5^ically  less  well  sorted 
and  more  steeply  sloping  than  those  in 
other  alluvial  units.  Occur  commonly  as 
remnants  associated  with  younger  alluvial 
fans,  buf  graded  fo  levels  well  above  mod¬ 
ern  sfreams.  Near  moufh  of  Clunie  Creek 
represenf  slighfly  older  parf  of  main  fan. 
Common  on  lower  parts  of  mountain- 
valley  walls  and  present  at  a  few  places 
along  Chugach  Mounfain  Eronf.  afou  are 
deposifs  modified  by  urbanizafion. 
afp  Deposits  along  Peters  Creek — Chiefly 
afpu  gravel  wifh  some  sand.  May  be  fan  delfa 
graded  fo  a  level  above  presenf  sea  level, 
and  possibly  lafesf  Pleistocene  in  age;  alter¬ 
natively,  might  have  extended  substan¬ 
tially  farther  northwest  into  Knik  Arm, 
and  be  graded  to  near  present  sea  level  but 
eroded  to  present  distribution.  Slopes  very 
to  moderately  gentle,  gradually  increasing 
to  steep  near  head  of  fan.  Much  maferial 
removed  as  major  source  of  gravel  and 
sand,  especially  near  foe  of  fan.  afpu  are 
deposifs  modified  by  urbanizafion. 

Colluvial  deposits 

The  ferm  colluvial  deposifs  (colluvium),  as  used 
here,  includes  fhose  deposifs  fhaf  occur  on  slopes 
and  fhaf  have  accumulated  primarily  through  the 
action  of  gravify  and,  secondarily,  fhrough  fhe 
acfion  of  running  wafer.  Colluvium  is  broadly 
subdivided  info  1)  deposits  that  have  accumulat¬ 
ed  particle  by  particle  over  a  long  period  of  time, 
and  2)  fhose  deposifs  fhaf  have  moved  en  masse. 
Among  fhose  in  category  1  are  deposits  on  moun¬ 
tain  slopes,  deposits  derived  mainly  from  mor¬ 
aines,  and  deposifs  on  bluffs  along  sfreams  and 
along  Knik  Arm.  Those  in  category  2  include  both 
slow-moving  solifluction  deposits  as  well  as  a 
variety  of  landslide  deposifs,  mosf  of  which  have 
been  emplaced  rapidly.  Mosf  colluvial  deposifs 
are  relatively  poorly  sorted  and  many  are  not 
well  compacted;  because  of  fheir  location  on 
slopes,  fhey  are  subjecf  fo  insfabilify  especially 
when  excavafed. 
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c  Colluvial  deposits  on  mountain  slopes 
(Holocene  and  Pleistocene) — Mainly  apron¬ 
like  deposits  of  loose,  sandy  to  rubbly 
diamicton  derived  directly  from  weather¬ 
ing  of  bedrock  upslope;  include  some  sheet- 
wash  deposits.  Thickness  probably  less 
than  1  m  to  several  meters,  thicker  on  lower 
parts  of  slopes.  Contacts  gradational.  Top¬ 
ography  smooth,  surface  gently  concave, 
slopes  generally  steep  to  very  steep,  but 
usually  not  in  excess  of  70%.  Commonly 
veneered  by  thin,  low  vegetation.  Some 
instability  likely.  Occur  on  mountain  slopes 
in  a  belt  downslope  from  mapped  bedrock, 
ct  Talus  deposits  (Holocene) — Cone-shaped  to 

apronlike  deposits  on  valley  walls  within 
rugged  mountains.  Mainly  loose,  coarse 
rubble,  and  rubbly  diamicton  derived 
directly  from  weathering  of  bedrock  up¬ 
slope.  Thickness  variable,  generally  thick¬ 
est  in  middle  to  lower  parts  of  cones  and 
aprons,  probably  several  to  a  few  tens  of 
meters,  thinning  gradually  upward  towards 
apexes  and  more  abruptly  downward  near 
toes.  Contacts  generally  gradational,  to  bed¬ 
rock  at  apex  and  to  other  mapped  units  at 
toe;  individual  cones  commonly  have  well- 
defined  boundaries,  however.  Talus  depos¬ 
its  too  small  to  map  separately  are  included 
in  bedrock  map  unit.  Topography  smooth, 
slopes  steep  to  very  steep,  as  much  as  100% 
near  apex,  rarely  less  than  35%  near  toe. 
Commonly  free  of  even  low  vegetation  and 
subject  to  continuing  deposition  from  ups¬ 
lope,  including  rockfalls  and  debris-laden 
snow  avalanches;  slopes  generally  unsta¬ 
ble.  Occur  locally  on  highest  and  in  associa¬ 
tion  with  steepest  mountain  slopes, 
ca  Colluvial  and  alluvial  deposits  (Holo¬ 
cene) — Areas  of  colluvium  and  alluvium 
too  small  to  map  separately.  Chiefly  moder¬ 
ately  loose,  sandy  to  rubbly  diamicton, 
poorly  sorted  sand  and  gravel,  and  some 
organic  debris.  Thickness  probably  a  few 
meters.  Contacts  generally  gradational. 
Topography  irregularly  gullied,  slopes 
steep  to  very  steep,  generally  ranging 
between  35  and  70%.  Commonly  covered 
by  at  least  low  vegetation,  but  vegetation 
may  be  lacking  in  some  gullies  where  active 
deposition  is  occurring.  Some  instability  of 
slopes  likely.  Occur  in  small  valleys  and 
gullies  in  mountains,  especially  near  heads 
of  small  valleys. 


eg  Mixed  colluvial  and  glacial  deposits  (Holo¬ 
cene  and  Pleistocene) — Diamicton;  may 
include  chiefly  gravelly  to  rubbly  sand, 
with  some  silt  and  clay;  locally  bouldery. 
Derived  from  both  bedrock  and  glacial 
deposits,  either  of  which  may  be  present  in 
areas  too  small  to  map  separately.  Poorly 
bedded  and  sorted.  Loosely  to  moderately 
compacted  in  most  places.  Thickness  a  few 
to  several  meters.  Contacts  gradational. 
Slopes  smooth  to  slightly  irregular,  steep 
to  very  steep.  Common  along  middle 
slopes  of  most  major  mountain  valleys 
and  along  Chugach  Mountain  Front  where 
glaciers  formerly  abutted  the  slope  but 
few  identifiable  glacial  deposits  are 
present  at  the  surface. 

cm  Colluvial  deposits  derived  mainly  from 
moraines  (Holocene  and  Pleistocene) — 
Diamicton  similar  to  that  of  adjacent  up¬ 
slope  moraines,  but  less  compact.  Include 
minor  amounts  of  better-sorted  sand,  silt, 
and  gravel  that  occur  in  irregular  beds  and 
that  may  have  been  derived  from  better- 
sorted  glacial  deposits  and  moved  partly 
with  the  aid  of  rurming  water.  Commonly 
a  few  meters  thick.  Contacts  generally  gra¬ 
dational,  especially  upslope.  Slopes  gener¬ 
ally  moderate  and  moderately  stable. 
Commonly  associated  with  lateral  mor¬ 
aines  along  the  Chugach  Mountain  Front 
and  in  a  few  places  in  mountain  valleys, 
cw  Colluvial  deposits  on  walls  of  inlet  and 
cwu  stream  bluffs  (Holocene  and  late  Pleis¬ 
tocene) — Loose  accumulations  that  are 
derived  from  adjacent,  upslope  surficial 
deposits  and  that  form  a  veneer  on  bluffs 
after  active  erosion  has  ceased.  Chiefly 
diamicton,  consisting  of  pebbly  silt  and 
sand  with  some  clay,  cobbles,  and  boul¬ 
ders,  and  a  variable  amount  of  organic 
material.  Massive  to  poorly  bedded;  poorly 
sorted.  Generally  a  few  meters  thick,  thin¬ 
ner  at  the  upslope  part;  usually  thicker 
downslope.  Contacts  generally  well 
defined.  Slopes  steep  to  precipitous. 
Although  stabilized  locally  by  vegetation, 
subject  to  instability  because  of  renewed 
erosion  and  accompanying  mass-wasting 
processes.  Occur  commonly  along  bluffs 
developed  in  surficial  deposits  along  Knik 
Arm  and  along  valley  walls  of  major 
streams  where  they  cross  the  Anchorage 
Lowland.  Locally  present  on  scarps  bor- 
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dering  deeper  and  wider  channels  within 
the  lowland  and  within  lateral  moraines 
along  the  Chugach  Mountain  Front,  along 
irmer  valleys  cut  lower  than  the  floors  of 
major  mounfain  valleys,  and  in  some  nar¬ 
row  gullies  cuf  into  mountain-valley 
walls,  notably  along  the  south  side  of 
North  Fork  Campbell  Creek,  cwu  are 
deposits  modified  or  completely  removed 
during  urbanization. 

cwb  Deposits  that  conceal  Bootlegger  Cove  For- 

cwbu  mation  (Holocene) — That  formation  itself 
likely  to  be  present  behind  lower  part  of 
bluff.  Possibly  subjecf  to  development  of 
large  landslides  especially  during  great 
earthquakes  such  as  the  1964  Alaska  earth¬ 
quake.  Occur  only  along  Ship  Creek  near 
west  edge  of  map  area,  cwbu  are  deposifs 
mainly  removed  in  conjuncfion  with 
urbanization. 

cwf  Fine-grained  deposits — Chiefly  silt,  clay, 
and  fine  sand;  massive  fo  poorly  bedded, 
poorly  sorfed.  Thickness  probably  a  few 
meters.  Slopes  irregularly  moderate  to 
steep  and  particularly  subject  to  instabil¬ 
ity.  Occur  along  walls  of  inner  valleys 
within  mountains  adjacent  to  lacustrine 
deposits,  and  locally  along  Knik  Arm 
northeast  of  Eagle  Bay  where  fine-grained 
materials,  possibly  the  Bootlegger  Cove 
Formation,  are  present  in  bluffs  behind 
fhis  colluvial  veneer. 

cs  Solifluction  deposits  (Holocene  and  Pleis¬ 
tocene) — Chiefly  loose,  organic-rich,  sandy 
to  rubbly  diamicton,  commonly  lacking 
clasts  larger  than  pebble  size.  Derived 
mostly  from  weafhering  of  frost-shattered 
bedrock  directly  upslope,  seasonally  mov¬ 
ing  very  slowly  down  broad  mountain 
slopes  either  with  the  aid  of  interstitial  or 
underlying  ice  (solifluction  in  a  strict 
sense)  or  of  water  derived  largely  from 
snowmelf.  Thickness  probably  1  m  to  a 
few  mefers.  Confacfs  gradational  to  1) 
very  thinly  concealed  bedrock,  2)  other 
colluvium,  and  3)  thicker  accumulations 
of  maferial  fhaf  has  moved  downslope  by 
landsliding;  include  some  landslide 
deposifs  too  small  to  map  separately.  Top¬ 
ography  generally  fairly  smoofh,  buf  wifh 
many  minor  irregularities,  especially  in 
the  form  of  small  lobes  wifh  flafter  upper 
surfaces  and  steeper  fronts.  Slopes  steep  to 
moderately  steep.  Generally  unstable. 


Occur  at  scattered  localities  on  mountain 
slopes,  especially  on  middle  and  lower 
slopes. 

cl  Landslide  deposits,  undivided  (Holocene 
and  late  Pleistocene) — Include  a  wide  vari¬ 
ety  of  materials,  chiefly  diamicton,  with 
lesser  gravelly  silt  and  sand,  and  relatively 
minor  amounts  of  clay  and  organic  mater¬ 
ial;  locally  include  rubble  and  some  large 
masses  of  bedrock.  Earfhflow  deposifs  too 
small  to  map  separately  present  locally. 
Massive;  nonsorted  to  poorly  sorted.  Rela¬ 
tively  loose.  Thickness  probably  several 
meters  to  possibly  several  tens  of  meters  lo¬ 
cally  in  large  landslides.  Contacts  moder¬ 
ately  well  to  poorly  defined.  Topography  ir¬ 
regular  fo  hummocky,  slopes  moderate  to 
steep.  Queried  deposits  alternately  may  be 
rock-glacier,  moraine,  or  other  colluvial 
deposits,  or  even  in-place  bedrock.  Occur  in 
many  places  on  moimtain  slopes,  and  local¬ 
ly  in  mountain  valleys  associated  with  glaci- 
olacustrrne  and  lacustrine  deposits,  on  inlet 
and  stream  bluffs  associated  with  wall  col¬ 
luvium,  and  on  a  few  hills  wifhin  fhe 
Elmendorf  Moraine. 

clb  Older  landslide  deposits  involving  Boot¬ 
legger  Cove  Formation  (Holocene) — Proba¬ 
bly  gravel,  sand,  silt,  and  clay  partly  mixed 
to  form  poorly  compacted  diamicton.  Occur 
locally  along  soufh  side  of  lower  Ship  Creek 
Valley  near  west  edge  of  map  area. 

cld  Landslide  deposits  related  to  Dishno  Pond 
moraines  (late  Pleistocene) — Identity  post¬ 
ulated  largely  on  basis  of  landforms  similar 
to  but  more  subdued  than  adjacent  lateral 
moraines  and  kames,  the  lateral  continuity 
of  which  is  lacking  in  area  of  fhese  depos¬ 
its.  Mainly  diamicton,  gravel,  and  sand. 
Occur  downslope  from  Chugach  Moun¬ 
tain  Front  south  of  Ship  Creek. 

elm  Deposits  possibly  modified  in  a  glacioestu- 
arine  environment — Landforms  even  more 
subdued  in  this  lower-lying  area  may  have 
been  reworked  subaqueously  shortly  fol¬ 
lowing  deposition. 

clg  Landslide  deposits  involving  glacioestua- 
rine  deposits  (Holocene  and  late  Pleisto¬ 
cene) — Identity  postulated  largely  on  basis 
of  irregularly  lumpy,  crudely  lobafe  topog¬ 
raphy  in  areas  of  channels  adjacenf  to  high¬ 
er-lying  glacioestuarine  deposits.  Occur 
south  of  South  Fork  Chester  Creek  and 
northeast  of  alluvial  fan  of  Soufh  Fork 
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Campbell  Creek. 

cle  Landslide  deposits  resulting  from  earth- 
flows  (Holocene  and  late  Pleistocene) — 
Similar  to  other  landslide  deposits  within 
the  mountains,  but  interpreted  on  the 
basis  of  landform  to  have  been  emplaced 
in  a  probably  more  fluid  state  and  there¬ 
fore  may  include  a  higher  proportion  of 
finer-grained  material.  Contacts  generally 
well  defined.  Mainly  in  long,  narrow 
occurrences  in  gullies  and  small  valleys 
within  Chugach  Mountains. 

Rock  glaciers  and  rock-glacier  deposits 

Rock  glaciers  may  be  regarded  as  transitional 
between  true  glaciers  and  a  kind  of  active,  slow- 
moving  landslide,  and  their  deposits  are  likewise 
transitional  between  ground-moraine  and  collu¬ 
vial  deposits. 

rg  Active  rock  glaciers  (latest  Holocene) — 
Accumulations  of  mainly  angular  to  some 
subrounded  rock  fragments  still  actively 
being  transported,  derived  from  upslope 
talus  deposits  or  directly  from  bedrock. 
Contain  ice-rich  matrix  and  move  very 
slowly  downslope.  Surface  generally  lacks 
vegetation,  dominated  by  cobble-  and 
boulder-size  fragments.  At  depth,  sub¬ 
stantially  more  fine-grained  material  may 
be  present  to  form  coarse,  rubbly,  massive, 
and  poorly  sorted  diamicton;  at  greater 
depth,  dominantly  clear  glacier  ice  may  be 
present,  as  reported  in  some  rock  glaciers 
(Moore  and  Friedman  1991).  Thickness 
several  to  a  few  tens  of  meters.  Contacts 
generally  well  defined  except  gradational 
to  talus  at  upslope  margin.  Surface  moder¬ 
ately  hummocky  and  rough;  slopes  gener¬ 
ally  moderate  but  steep  to  very  steep 
along  Front  and  some  side  margins. 
Unstable  because  of  continuing  very  slow 
movement  and  potential  for  melting  of 
ice-rich  matrix.  Occur  mainly  at  heads  of 
valleys  near  Tikishla  and  Temptation 
Peaks  in  southeastern  part  of  map  area, 
rd  Rock-glacier  deposits  (late  Holocene) — 
Similar  to  material  of  active  rock  glaciers, 
but  may  contain  less  interstitial  ice  or  less 
(perhaps  no)  clear  ice  at  depth.  Movement 
probably  has  ceased  and  these  deposits  are 
sometimes  termed  inactive  rock  glaciers; 
however,  distinction  between  the  two 
forms  may  be  difficult  to  make,  or  a  rock 


glacier  may  be  alternately  active  and  inac¬ 
tive  over  a  period  of  years.  Some  vegeta¬ 
tion  covers  surface.  Generally  more  stable 
than  active  rock  glaciers,  but  some  insta¬ 
bility  likely,  especially  if  excavated, 
because  of  loose  nature  of  material  and 
likelihood  that  some  interstitial  ice  may  be 
present  and  that  some  massive  clear  ice 
may  be  present  at  depth.  Occur  in  south¬ 
eastern  part  of  map  area  down- valley  from 
rock  glaciers,  and  in  some  nearby  valleys 
that  no  longer  contain  active  rock  glaciers 
at  their  heads. 

rds  Deposits  of  valley-side  source  (Holo¬ 
cene) — Similar  to  other  rock-glacier  depos¬ 
its  but  appear  to  have  headed  in  and 
derived  from  colluvial  deposits  along  the 
side  of  long,  narrow  valleys.  Probably  do 
not  have,  and  may  never  have  had,  clear- 
ice  cores  of  any  significant  thickness. 
Appear  to  have  originated  as  coalesced 
lobate  rock  glaciers.  Occur  prominently  as 
major  valley  fills  in  Snowhawk  and  North 
Fork  Campbell  Creek  Valleys. 

rdo  Older  rock-glacier  deposits  (Holocene 
and  late  Pleistocene) — Similar  to  younger 
rock-glacier  deposits  but  with  somewhat 
more  subdued  surface  that  is  more  com¬ 
pletely  covered  by  low  vegetation.  Surface 
somewhat  resembles  that  of  ground  mor¬ 
aine,  but  is  more  finely  hummocky  rather 
than  smooth,  reflecting  presence  of  angu¬ 
lar  to  subangular  cobble-  and  boulder-size 
fragments  just  beneath  vegetation  cover. 
Not  moving  as  an  active  rock  glacier  and 
unlikely  to  contain  glacier  ice,  although 
permafrost  likely  to  be  present  locally. 
Occur  in  several  small  valleys  in  south¬ 
eastern  part  of  map  area,  commonly  in  val¬ 
leys  at  altitudes  lower  than  the  valleys 
containing  younger  rock-glacier  deposits 
or  active  rock  glaciers. 

Anthropogenic  deposits  (latest  Holocene) 

f  Engineered  fill — Chiefly  compacted  peb¬ 
ble  gravel,  in  many  places  underlain  by 
more  poorly  sorted  sandy  to  silty  gravel, 
both  emplaced  to  engineering  specifica¬ 
tions.  Includes  some  areas  where  a  more 
heterogeneous  assemblage  of  material 
may  have  been  emplaced  without  utilizing 
engineering  specifications;  in  a  few  places 
includes  land  areas  extensively  modified 
by  earth-moving  or  rock-quarrying  equip- 
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merit.  Thickness  as  much  as  several 
meters.  Contacts  well  defined,  but  width 
shown  on  map  may  be  exaggerated  to 
accommodate  linear  base-map  symbols 
provided  for  roads  and  railroads.  Mapped 
mainly  along  Glenn  Highway  and  the 
Alaska  Railroad,  at  some  airfield  runways, 
and  along  some  sfreefs  within  the  urban¬ 
ized  area,  especially  where  they  cross  low- 
lying  places.  Minor  fill  for  roads  not  shown. 

Bedrock 

Bedrock  is  not  shown  in  detail  here.  It  is  subdi¬ 
vided  into  two  units,  younger  bedrock  and  older 
bedrock.  Younger  bedrock  comprises  sedimen¬ 
tary  rocks  of  Tertiary  age  and  is  confined  fo  a  few 
outcrops  in  the  margins  of  the  Anchorage  Low¬ 
land.  Older  bedrock  includes  rocks  of  bofh 
Chugach  and  Peninsula  fectonostratigraphic  fer- 
ranes  (Coney  and  Jones  1985,  Jones  et  al.  1987, 
Silberling  et  al.  1994)  and  consists  of  variably 
mefamorphosed  sedimenfary  and  igneous  rocks. 
If  is  exposed  only  in  fhe  Chugach  Mountains  and 
in  narrow  canyons  where  major  streams  are 
incised  in  the  Hillside  area  and  just  northwest  of 
the  mountain  Front.  Where  mapped  on  moimtain 
slopes,  bedrock  may  be  concealed  by  thin  col¬ 
luvium. 

by  Younger  bedrock  (Tertiary) — Continental 
rocks,  mainly  sandstone,  siltstone,  clay- 
stone,  and  minor  coal  of  the  Kenai  Group 
(Calderwood  and  Fackler  1972).  Tyonek 
Formation  (Wolfe  and  Tanai  1980)  is 
exposed  locally  along  lower  course  of  fhe 
Eagle  River  where  fwo  fossil-planf  locali¬ 
ties  have  been  examined  by  Schaff  (1964) 
and  by  Wolfe  ef  al.  (1966).  It  is  likely  that 
this  is  the  formation  present  at  scattered 
roadcut  localities  within  about  2  km  of  fhe 
Chugach  Mountain  Front  in  the  vicinity  of 
fhe  communify  of  Eagle  River,  and  norfh- 
ward  along  fhe  Glenn  Highway  (Dobrov- 
olny  and  Miller  1950,  Schmoll  et  al.  1971, 
Zenone  et  al.  1974).  Similar  rocks  may 
occur  in  poor  exposures  along  the  Glenn 
Highway  about  3  km  south  of  the  Eagle 


River.  Several  meters  exposed  at  a  few 
places  along  fhe  Eagle  River,  buf  only  1  m 
or  a  few  meters  in  roadcuts.  Kenai  Group 
present  at  depth  beneath  surficial  deposits 
throughout  most  of  fhe  Anchorage  Low¬ 
land,  where  fhickness  of  surficial  deposifs 
may  be  as  much  as  100  m.  About  15  km 
southwest  of  fhe  Eagle  River,  however. 
Sterling  Formation  (overlying  the  Tyonek) 
has  been  tentatively  identified  (Sfricker  ef 
al.  1988)  in  a  drill  hole  (Yehle  ef  al.  1986), 
and  fhis  formation  probably  constitutes 
part  of  the  total  thickness  of  Kenai  Group 
rocks  soufhwest  of  fhe  Eagle  River, 
bo  Older  bedrock  (Tertiary  to  Permian) — 
Predominantly  rocks  of  fhe  Chugach  ter- 
rane:  McHugh  Complex  occupies  mosf  of 
fhe  mounfainous  area;  Valdez  Group 
occurs  near  Soufh  Fork  Eagle  River  and 
on  part  of  fhe  ridge  between  it  and  Ship 
Creek  Valley.  Rocks  of  fhe  Peninsula  ter- 
rane  crop  out  in  the  margins  of  the 
Anchorage  Lowland  and  may  occur  on 
ridges  near  Parks  and  Little  Peters  Creeks 
as  well.  The  two  terranes  are  separated  by 
the  Border  Ranges  fault  (MacKevett  and 
Plafker  1974)  which,  however,  is  mainly 
or  perhaps  entirely  concealed  beneath 
surficial  deposifs  wifhin  fhe  map  area. 
McHugh  Complex  (Clark  1973)  consists 
principally  of  a  metaclasfic  sequence  in¬ 
cluding  variably  mefamorphosed  gray- 
wacke,  argillite,  phyllite,  and  conglomer¬ 
atic  gra5nvacke;  locally  consists  of  a  mefa- 
volcanic  sequence  including  greenstone, 
metachert,  cherty  argillite,  and  argillite. 
Valdez  Group  includes  principally  meta- 
graywacke,  metasiltstone,  and  argillite; 
felsic  to  intermediate  hypabyssal  intru¬ 
sive  rocks  are  present  in  and  west  of  the 
canyon  near  the  mouth  of  fhe  South  Fork 
Eagle  River.  Peninsula  terrane  rocks  con¬ 
sist  mainly  of  mefasedimentary  and  meta- 
volcanic  rocks  including  mefasandstone, 
mefachert,  siliceous  argillite,  marble,  and 
greenstone  (descriptions  and  distribution 
from  Clark  1972  and  Winkler  1992). 
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